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EXECUTIVE SUMMARY

As the sixth largest lake in Washington and the second largest in King County, Lake
Sammamish is designated a water of statewide significance and is an important and valued
natural resource. It is one of the major recreational lakes in King County and in 2014 was
selected as one of eight national urban wildlife refuge programs by the United States Fish
and Wildlife Service.

Water quality monitoring of Lake Sammamish began in the early 1960s when wastewater
was being discharged into both Lake Washington and Lake Sammamish. Since then, the
continued monitoring of the lake has provided data to evaluate changes in water quality,
examine effects of land-use changes and different management actions in the watershed on
the lake’s quality, and help agencies maintain awareness of water quality conditions and
identify problems in order to inform management decisions. This study evaluates lake data
collected from mid-1960s through 2011. Specifically, water quality data were analyzed
with the following objectives:

e Describe the current lake water quality, specifically for the parameters total
phosphorus, chlorophyll a, water clarity (Secchi transparency), rate of dissolved
oxygen depletion, and temperature.

e Compare lake water quality to established trophic state indicators for lakes, and
goals specific to Lake Sammamish.

e Determine any long-term trend(s) in water quality and assess them in relation to
watershed changes such as deforestation, sewage diversion, and ongoing
development before and after the adoption of the Lake Management Plan in 1996.

¢ Summarize data to inform future management decisions in the Lake Sammamish
Watershed that affect the lake’s water quality.

In the mid-1960s, the Municipality of Metropolitan Seattle (METRO; now merged with King
County Department of Natural Resources and Parks) conducted a study of Lake
Sammamish water quality to determine if sewage discharged from the City of Issaquah’s
wastewater treatment plant and a large dairy facility (Darigold) were having an adverse
effect on the lake. (The population of Issaquah at the time was approximately 4,000
people). Wastewater diversion was proposed for Lake Sammamish even though its water
quality was not degraded to the same degree as that in Lake Washington before diversion
began there in 1963.

Wastewater diversion has been implemented on many lakes in the United States and has
been shown to successfully reverse the process of eutrophication (nutrient enrichment) by
reducing a lake’s total phosphorus content. High total phosphorus levels in lakes contribute
to increased phytoplankton abundance as measured by high levels of chlorophyll a in the
upper, warmer layers of a lake (the epilimnion) in the summer, and to low water clarity
(transparency). Decomposition of settled phytoplankton is the principal cause for dissolved
oxygen depletion in the hypolimnion (the deep layer in the lake). High total phosphorus
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levels also contribute to greater frequency and magnitude of cyanobacteria blooms (also
known as blue-green algae) that are often toxic and capable of producing adverse effects to
the nervous system and liver. Therefore, an increase in total phosphorus, chlorophyll a, and
dissolved oxygen depletion rate, and a decrease in clarity point to water quality
degradation.

In 1968, METRO diverted wastewater from Lake Sammamish into a regional wastewater
collection system and to a treatment facility in Renton that currently discharges to Puget
Sound. The diversion reduced the external total phosphorus load to the lake by about 35
percent. After wastewater diversion, additional studies were conducted by the University
of Washington to track improvements in lake water quality. Recovery of lake quality was
slower than anticipated, but by the late 1970s, mean annual total phosphorus (volume-
weighted, whole-lake) had decreased substantially from 32 pg/L (parts per billion) before
diversion to below 20 pg/L. Summer epilimnetic (upper water layer) chlorophyll a also
declined and water clarity increased, providing evidence that wastewater and dairy waste
diversion was effective in improving lake water quality.

In the mid-1970s, research on the effects from land development raised concerns about
future water quality degradation in Lake Sammamish due to stormwater runoff from
increasing urbanization. An intensive study in the mid-1970s of stormwater entering the
lake’s west side indicated that future development could represent a threat to the lake’s
water quality (Welch et al., 1980). At that time, only 14 percent of the west side of the lake
was developed. That analysis prompted the establishment of METRO’s routine water
quality monitoring program for Lake Sammamish in 1979. Ongoing monthly or twice
monthly monitoring has provided over three decades of data that, combined with the prior
data, were used here to determine further changes in water quality in response to
watershed land-use changes. Results from this monitoring program showed that lake
annual total phosphorus content gradually increased from an apparent equilibrium of
around 17 pg/L in the 1980s to over 20 pg/L by the mid-1990s, likely related to the
increased urbanization surrounding the lake (King County, 1995).

Given the probable effect of land conversion and development on lake water quality, King
County Water and Land Resources Division and the University of Washington Department
of Civil and Environmental Engineering cooperated in a modeling assessment of long-term
land-use change and lake water quality in the mid-1990s (King County, 1995). The
conclusion of that effort was that mean annual total phosphorus would increase from a
post-diversion equilibrium varying around 17 pg/L to a predicted 28 pg/L with complete
build-out in the watershed (based on zoning codes at the time) if no controls on runoff
were instituted and only 30 percent of the forest were retained. (Under these conditions,
total phosphorus was predicted to be nearly as high as before wastewater diversion.) For a
scenario of 65 percent forest retention and 50 percent total phosphorus removal in runoff
from new development, a smaller rise in total phosphorus to 24 pg/L was predicted. These
projections prompted the creation of the 1995 inter-jurisdictional Lake Sammamish
Initiative, and a citizens’ task force, Partners for a Clean Lake Sammamish, which worked to
complete the 1996 Lake Sammamish Water Quality Management Plan. This plan set limits
of 22 pg/L annual mean total phosphorus, and summer means for epilimnetic chlorophyll a
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of 2.8 ug/L and water clarity of 4.0 meters. The plan also called for long-term watershed
protections involving forest retention and runoff treatment to retain total phosphorus from
newly developed land, as well as short-term actions to reduce phosphorus loading to the
lake.

The assessment of lake conditions provided in this report shows that mean annual total
phosphorus has not changed significantly since 1980. There has been substantial
population growth in the basin and the amount of impervious area has greatly increased
since the mid-1990s. However, annual total phosphorus has remained quite stable, ranging
from 19.5 pg/L in the 1990s to 17.5 pg/L in more recent years. Also, mean summer
chlorophyll a (about 3.5 pg/L) and mean summer total phosphorus (about 11.5 pg/L) have
remained stable since the late 1990s and summer transparency has averaged over 5.0
meters since 1998. That is in marked contrast to the 1994 model-predicted summer total
phosphorus of 24 pg/L, transparency of about 3.8 meters, and chlorophyll a of about 4.0
pg/L at build-out with 65 percent forest retention in rural areas and 50 percent total
phosphorus retention from new development. These model predicted levels would have
exceeded the set limits of the Lake Sammamish Management Plan, but actual levels did not.

This report describes several likely contributing factors that explain the lake’s stable
annual and summer total phosphorus and chlorophyll a concentrations and the
improvement in transparency since the mid-1990s. First, the concentration of total
phosphorus in the lake’s hypolimnion during the summer when the lake is thermally
stratified decreased by one-half by the 1970s due to a decline in the release of phosphorus
from sediments. This decrease in internal phosphorus loading (over three fourths since
pre-diversion, and 60 percent since the 1970s) is most probably a long-term response to
wastewater diversion. Before wastewater diversion, total phosphorus in the hypoliminion
reached maximum concentrations around 300 pug/L, but more recently those maximums
were rarely over 60 pg/L. Decreased hypolimnetic total phosphorus was associated with a
marked decrease in soluble reactive phosphorus - the phosphorus fraction released from
sediment. Had hypolimnetic total phosphorus not decreased, mean annual whole-lake total
phosphorus would be more like 23 instead of 17.5 pg/L.

Second, watershed protections instituted in the mid-1990s may have reduced total
phosphorus in runoff that otherwise would have resulted from land-use change. These
stormwater controls were in support of the Sensitive Lake Standard requiring 50 percent
removal of total phosphorus in runoff from all new urban development and were
implemented as part of King County’s 1998 Surface Water Design Manual and Ecology’s
2001 Stormwater Management Manual. Runoff controls (i.e., retention basins) installed
with new development would have retained phosphorus bound to particulate matter and,
therefore, may be partly responsible for the lake’s stable total phosphorus level. As
evidence, total phosphorus concentration in Issaquah Creek, which supplies 70 percent of
the lake’s inflow, has remained stable at a mean annual concentration between 40 and

50 pg/L over the past three decades. Other tributaries to the lake also show no significant
increase in total phosphorus (and a decline in soluble reactive phosphorus) since the
1980s. That was despite a marked increase in developed land and impervious area,
especially in the east side of the lake. While inputs of total phosphorus from the east and
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west side streams did not increase as predicted with increased development, changes in
inputs from other non-stream stormwater sources (e.g., nearshore pipes and ditches) may
have increased, allowing mean annual total phosphorus to remain relatively stable rather
than decline in conjunction with reduced loads from internal lake sediments.

Research has shown that stormwater retention basins are effective at removing particles,
but not dissolved substances. It is therefore not surprising that this study found that
conductivity, which is a measure of conservative (dissolved) substances in solution that do
not settle out in retention basins, has increased in the lake’s tributaries. The conductivity
increase was significant in two eastside creeks (Ebright and Eden) and two west side
creeks (Idylwood and Lewis). The lake’s conductivity, while lower in magnitude than its
tributaries, has increased more in the last three decades than the increase in Issaquah
Creek, indicating that runoff from the near built-out east and west sides may have had a
more substantial effect on the lake than Issaquah Creek.

Third, specific activities were undertaken to reduce or prevent increased discharge of total
phosphorus to the lake. Multiple specific actions recommended by the Lake Sammamish
Initiative were implemented that reduced total phosphorus discharges. Contrary to earlier
projections, increased development and urbanization did not occur in rural areas following
establishment of the urban growth boundaries (UGB), and the refinement of the urban
growth area as part of the 1994 King County Comprehensive Plan. The Comprehensive Plan
included special designations for the protection of farming areas and provisions for
housing on larger lots in rural areas, forest production districts, and open space areas for
protection of the natural environment. Forest land was acquired in the upper Issaquah
Creek basin while forest cover declined inside the UGB. Also implemented were actions
recommended in the 1994 Issaquah Creek Basin and Nonpoint Action Plan, and the 1994
East Lake Sammamish Basin and Nonpoint Action Plan to control pollution from future
development.

Fourth, other regulatory changes have resulted in less total phosphorus loading to
tributaries to Lake Sammamish. These changes include bans on phosphorus in dish soap,
dishwasher detergent, and laundry detergent, which would otherwise be released in rural
areas from on-site septic systems. These changes also include the implementation of the
King County Critical Areas Ordinance, which intends to limit development in riparian areas
along tributaries to the lake and on steep slopes that might erode and result in sediment
transport and problems with increased total phosphorus in receiving waters.

Finally, there has been a long-term reduction in Issaquah Creek flow and the corresponding
increased water retention time in the lake since the 1970s. Decreased flows probably
reflect the lower rainfall that is related to the shift in the Pacific Decadal Oscillation (PDO)
from a cool/wet phase to a warm/dry phase in 1976-1977. The increased residence time
allows for greater settling of phosphorus containing particles to the lake bottom,
contributing to improved water clarity.

Summarizing the likely factors contributing to the stable annual total phosphorus of 17-18
pg/L, despite an increase in developed land over the past two decades:
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1. A declining sediment phosphorus release rate that resulted in a reduction in
hypolimnetic total phosphorus by nearly 50 percent since the 1970s - a legacy of
the diversion of wastewater and dairy waste away from the lake. Without that
reduction, internal loading of phosphorus would have been greater and resulted in a
higher annual total phosphorus of approximately 23 pg/L.

2. Instituted stormwater controls on new development (e.g., the Sensitive Lake
Standard requiring 50 percent total phosphorus removal for all new urban
development) may have reduced the amount of particulate phosphorus entering the
lake via stormwater runoff. Issaquah Creek and other tributaries show no significant
increase in total phosphorus, and soluble reactive phosphorus declined in regional
streams, despite a marked increase in developed land and impervious area,
especially in the east side basin, and despite increased conductivity in the lake and
some streams.

3. Specific actions identified in the Lake Management Plan and the two basin plans
intended to reduce non-point pollution may have been effective in reducing erosion
and particulate phosphorus inputs to tributaries and the lake. In addition, recent
salmon recovery efforts to protect riparian habitat may have reduced erosion and
particulate phosphorus inputs.

4. Other regulatory changes banning the use of phosphorus in household products
may have resulted in less total phosphorus loading to tributaries to Lake
Sammamish.

5. Along-term reduction in Issaquah Creek flow and increased water retention time in
the lake since the 1970s allows for greater settling of phosphorus containing
particles to the lake bottom, contributing to improved water clarity.

In addition, the oxygen depletion rate in Lake Sammamish’s hypolimnion has not changed
since before wastewater diversion, although annual average temperature has increased at
the same rate as in Lake Washington - a quarter of a degree centigrade per decade.
Increased warming has led to an earlier onset of stratification in Lake Washington and is
predicted to occur in Lake Sammamish in the future. The spring algae (diatom) bloom,
which is timed with increased stratification, appears to be occurring earlier in Lake
Sammamish when comparing maximum chlorophyll a values since the 1960s. Studies
suggest that a longer period of stratification and a continued relatively high rate of
dissolved oxygen depletion in the hypolimnion will further shrink the habitat in the middle
layer of the lake with adequate oxygen supply and cool temperatures to be acceptable for
growth of salmonid fishes. Thus, climate change may already be having an adverse effect on
the lake’s water quality.

Based on this investigation, the following are recommended to ensure that Lake
Sammamish water quality is maintained for the next 25 years:
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Enforce Management Strategies

Continue to enforce strategies to control phosphorus input and instituted land-use
zoning, which were put into place by multi-jurisdictional efforts that resulted in the
Lake Sammamish Initiative in 1995.

Monitoring

Continue to collect and evaluate lake water quality data. As this report
demonstrates, a consistent long-term data set to evaluate trends over time is
essential to evaluate the effectiveness of management strategies in response to the
lake’s condition, and make adjustments as needed.

Continue to monitor tributary water quality. A five-year hiatus (2009-2013) in
water quality data in some of the Lake Sammamish tributaries occurred due to
budgetary constraints. A consistent long-term data set to evaluate trends over time
in loading of pollutants to the lake is essential to evaluate the effectiveness of
management strategies.

Continue to collect routine lake phytoplankton (algae) and zooplankton data. King
County began collecting phytoplankton data in 2003 and has intermittently
collected zooplankton data. Having a consistent long-term data set on the plankton
community structure will enable future analyses of food web (includes impacts to
kokanee and other species) interactions and their response to regional climate
changes, which may have already affected the lake.

Maintain and expand the flow-monitoring gaging network for tributaries to Lake
Sammamish. Flow is currently measured in Issaquah Creek, Lewis Creek, and
Laughing Jacobs Creek. Installing gages at other tributary mouths where water
quality data are collected (e.g., Idylwood Creek, Eden Creek, Ebright Creek, Pine
Lake Creek, and Tibbetts Creek) would allow comparison of flow and phosphorus
(and other constituent) loading in the future.

Outreach

Conduct outreach to jurisdictions and stakeholder groups within the Lake
Sammamish watershed to maintain efforts to protect of the lake and ensure that
water quality improvements from diversion and other planning efforts are not
overshadowed by future development.
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1.0 INTRODUCTION

1.1 Study Purpose

This study evaluates lake data collected from 1960 through 2011 to describe how Lake
Sammamish has responded to watershed development and associated nutrient inputs.
Long-term data sets are often necessary to detect changes in water quality due to changes
in watershed development over and above the normal short-term variability due to
seasonal and year-to-year patterns in climate and other natural factors.

Specifically, water quality data were analyzed with the following objectives:

e Describe the current status of the lake’s quality relative to established trophic state
indicator boundaries for transparency (water clarity), rate of dissolved oxygen (DO)
depletion, total phosphorus (TP), and chlorophyll a (chl a), as well as goals specific
to Lake Sammamish.

e Determine any long-term trend(s) in water quality and their relation to watershed
changes such as deforestation, sewage diversion, and ongoing development.

e Provide data to inform future management decisions in the Lake Sammamish
Watershed that impact the lake’s water quality.

This study is part of the ongoing King County Major Lakes Monitoring Program that
assesses water quality in Lake Washington, Lake Sammamish, and Lake Union. The King
County Major Lake and Stream Monitoring Program is designed to protect the significant
investment in water quality improvement and protection made by the people of King
County beginning in the 1950s. With the formation of METRO in 1958, construction began
on two of the county's regional treatment plants, West Point in Seattle's Magnolia
neighborhood and South Treatment Plant in Renton. By the late 1960s, regional water
quality began improving dramatically. The improving water quality was an important
milestone and was tracked by this program. The long-term environmental impacts of all
types of pollution that affect the quality of lakes and streams can only be evaluated by
sampling at multiple sites throughout the watershed. In 1994, King County assumed
authority of METRO and its legal obligation to treat wastewater for 34 local jurisdictions
and local sewer agencies that contract with King County. The County also assumed
responsibility for continuing the monitoring of these surface waters.

As the sixth largest lake in Washington and the second largest in King County, Lake
Sammamish is an important and valued natural resource. It is one of the major recreational
lakes in King County, and receives high use by fishermen, boaters, water skiers, swimmers,
and picnickers. There are both State and County parks along the shore, and the lake has
been designated a water of statewide significance and is one of eight national urban
wildlife refuge programs designated by the United States Fish and Wildlife Service (USFWS,
2013).
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1.2 Lake Sammamish Characteristics

The lake is located within the Cedar-Sammamish Watershed, or Water Resource Inventory
Area (WRIA) 8 (Figure 1.1). The major tributary to the lake is Issaquah Creek, which enters
at the south end of the lake and contributes about 70 percent of the surface water flow and
60 to 70 percent of the TP loading (Moon, 1973; King County, 1995). Tibbetts Creek to the
south and Pine Lake drainage to the east contribute about 6 percent and 3 percent
respectively of the surface water external TP load (Moon, 1973). The other tributaries are
smaller and contribute less to the total load. The outlet level of the lake is controlled by a
weir in Marymoor Park at the north end of the lake.

The basin of the lake was formed by glaciation 14,000 years ago into a long, uniform trough
with steeply sloping sides. The lake has a maximum depth of 32 m (105 ft.). The physical
characteristics of Lake Sammamish and its drainage basin are summarized in Table 1.1.

Lake Sammamish is monomictic having one mixing and one stratification period per year.
December through February the lake is isothermal and completely mixed from the surface
to bottom. Typically by June, stratification due to density difference is relatively strong. The
lake generally turns over in late autumn-early winter when the density difference between
the surface waters (epilimnion) and deeper waters (hypolimnion) is insufficient to resist
wind mixing. The thermocline, or metalimnion, gradually sinks and the epilimnetic zone of
mixing increases. That entrainment process transports nutrients into the photic zone
upwards for use by algae.
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Table 1.1 Physical characteristics.

Characteristic English Units Metric Units
Watershed Area (including the lake) 63,012 acres 255 km?
Lake Area 4,893 acres 19.8 km?
Lake Volume 265,103 acre-ft 3.27 x10° m*
Mean Depth 54 ft 16.5m
Maximum Depth 105 ft 32m
Flushing Rate 0.56 per year®
Depth of the Epilimnion 33-39 ft 10-12 m
Length 8.1 miles 13 km
Main Inflows e Issaquah Creek (70 percent of surface
water flow and TP loading)
e Tibbetts Creek (6 percent TP loading)
e Pine Lake Creek (3 percent TP loading)
Outlet Sammamish River
Trophic State Mesotrophic

@ Volume from Birch 1976
Water renewal rate, or flushing rate, is the fraction of the lake's volume replaced per year.

1.3 Background

Historically, the lowlands areas of the basin were cleared of forest and converted to
agricultural uses. Urban and suburban uses were concentrated in a few small communities
such as Issaquah, Redmond, and east Bellevue. Over time agricultural uses have been
replaced with more commercial and residential development. Beginning in the 1960s, large
areas of the basin have experienced rapid urban and suburban development as part of the
overall growth in King County (Figure 1.2), subsequently transforming the lake's
watersheds, particularly the east and west basins into urban and suburban land uses.

In 1968, the Municipality of Metropolitan Seattle (METRO; now King County Department of
Natural Resources and Parks) diverted the discharge from the City of Issaquah’s
wastewater treatment plant and a large dairy facility (Darigold) from Lake Sammamish to a
regional wastewater collection and treatment facility in Renton that discharges to Puget
Sound. (The population of Issaquah at the time was approximately 4,000 people.) The
diversion reduced the external TP load to the lake by about 35 percent. Numerous studies
have been conducted to evaluate the changes in water quality. Monitoring has continued
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over the years to help county agencies maintain awareness of water quality conditions and
to identify problems in order to inform management decisions and ensure that water
quality improvements from diversion are not overshadowed by continued development in
the watershed.

1.3.1 Past Studies

Numerous reports and publications have been written on Lake Sammamish quality and
inputs from its watershed. The earliest record of water quality in the lake was an 1895
anonymous article in Scientific American, which stated, “one can see down into the glassy
mirror like depths for 30 feet or more” (Birch, 1976). In 1897, Evermann and Meek
recorded the first water quality complaint in the watershed: “The water in Issaquah Creek
is said to be very clear in the summer and fall months, or was, previous to the coal company
using the creek as a dumping ground for coal screenings, since which time the water has
become muddy. There are a number of coal mines in this region, and the people complain
of the screenings from them being dumped into the creeks, thereby doing considerable
injury to the fishing grounds.” Evermann and Meek went on to report that the lake was
“considerably discolored by vegetable matter and sediment washed from the surrounding
hills and brought down by the swollen creeks” (Rock, 1974). A one-day survey in 1913
reported a Secchi depth of 3.3 meters in August (Kemmerer et al., 1923).

The following list summarizes studies conducted on Lake Sammamish by agency and/or
institutions that sponsored the efforts. However, this list is not meant to be completely
comprehensive. Discussion of relevant information from past studies will follow.

METRO Study, 1964-1965

The newly created METRO investigated the trophic state of the lake during an 18-month
period from July 1964 to December 1965 (Isaac et al.,, 1966). The purpose of the study was
to assess the impact of projected growth in the east side communities, as well as to
anticipate the effect of the proposed sewering of the Lake Sammamish basin. This report
recommended the treatment plant effluent and the processing waste from the Darigold
plant be diverted out of the basin.

University of Washington, 1969-1975

The University of Washington monitored the lake and Issaquah Creek inflow for six years
from late 1969 to 1975 following the diversion in 1968 of wastewater that discharged
directly to the lake. Results were recorded in several theses and publications. Initially it
appeared there was little change in trophic state in the years directly following diversion
(Emery et al., 1973). Further data gathering through 1975 indicated there had been a
positive response to the reduction in phosphorus (P) loading as evidenced by a reduction
in hypolimnetic P concentrations (Welch et al., 1980).

Annual water and nutrient budgets for the lake were developed by Moon (1973) as part of
a master’s thesis, University of Washington. Moon estimated that 70 percent of the total
annual hydraulic and external TP loading to Lake Sammamish came from Issaquah Creek
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and most of the remainder from 11 minor tributaries. That estimate was used in several
subsequent modeling efforts.

University of Washington Stormwater Studies 1977-1978

Three major stormwater discharges on the west side of Lake Sammamish were intensively
monitored to determine the extent of non-point source TP loading (Welch and Perkins,
1980). Based on these data, it was concluded that TP loading to the lake would increase
substantially with future urbanization (Welch et al., 1980).

METRO Study 1979-1980

METRO monitored Lake Sammamish from May 1979 to May 1980 as part of a study of
Seattle/King County regional lakes (Davis and Swartz, 1981). The water quality of the lake
appeared to be improving based on the 1979-80 mean Secchi disk depth of 4.5 m compared
with the 1971-75 mean of 3.3 m. Due to the infrequent sampling, conclusions were difficult
to draw from the data.

METRO Study 1981-present.

METRO began monitoring Lake Sammamish on a routine basis as part of the Major Lakes
monitoring project beginning in April 1981. King County Department of Natural Resources
and Parks (DNRP) continues to collect samples at multiple depths and locations.

University of Washington modeling efforts 1985-1987

A whole-lake TP model was developed to estimate the effects of increased urbanization
within the Lake Sammamish watershed (Schuster, 1985; Welch et al.,, 1986). Effects of
bioavailable P loading to the lake were examined (Butkus, 1987; Horner et al., 1987).

Lake Sammamish Water Quality Management Project 1989

A cooperative effort in watershed planning between the Washington State Department of
Ecology, METRO, King County, and the Cities of Bellevue, Redmond, and Issaquah resulted
in the Lake Sammamish Water Quality Management Project Report (Entranco, 1989). This
report combined the work from the mid-1980s to project future water quality of the lake
with and without P controls.

Lake Sammamish Total Phosphorus Model 1995

In 1995, the County produced an updated TP model. This model incorporated
approximately 10 years of data and land-use information that was unavailable during
previous modeling efforts in the mid-1980s. The new model predicted TP in surface and
bottom waters and was used as a management tool to estimate future water quality based

upon various land-use alternatives in the watershed and P control strategies (King County,
1995; Perkins et al., 1997).

Lake Sammamish Initiative 1995

The Lake Sammamish Initiative began in August 1995 in response to current and future
impacts to water quality due to urbanization within the basin. The Initiative was an inter-
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jurisdictional effort begun by County Executive Gary Locke and supported by the mayors of
the cities of Bellevue, Issaquah, and Redmond. Executive Locke appointed eight citizens
within the watershed to a task force called Partners for a Clean Lake Sammamish. The
Partners were asked to recommend future water quality goals for the lake, to develop a set
of management actions to achieve these goals, and a financial plan to pay for the actions
(Partners for A Clean Lake Sammamish 1996). An active citizen’s organization, “Save Lake
Sammamish,” was an important stimulus to this effort in the early 1990s.

Development of a Three-Dimensional Hydrodynamic Model of Lake Sammamish 2008

A 3-dimensional hydrodynamic model of Lake Sammamish was developed to support
analyses of the impacts of possible future land use and climate change scenarios on
hydrology and water quality, and the resulting impacts on aquatic biota (King County,
2008). An existing coupled 3-D hydrodynamic and water quality modeling framework
originally developed for the Chesapeake Bay Program (CH3D-Z and CE-QUAL-ICM) was
selected for application to Lake Sammamish and Lake Washington. The CH3D-Z model code
used in the ACOE-ERDC Lake Washington application was used with minor modifications to
simulate Lake Sammamish hydrodynamics. The current version of the model is capable of
reliably reproducing the seasonal and spatial thermal dynamics of the lake based on
comparison to routine temperature profile data collected between 1995 and 2002. Small
systematic, seasonal, inter-annual, and spatial (primarily vertical) thermal errors remain
that will require further data collection, testing, and refinement to reduce. Nonetheless, the
model represents one of several potentially useful tools to evaluate the effects of land use
and climate change on the aquatic resources of King County.

Regional stream studies, 2005-2006

Several studies were conducted by the University of Washington on non-point source
impacts from urban development in regional streams.

e A 10-year record of stream nutrient and sediment concentrations was evaluated for
17 streams in the greater Seattle region to determine the impact of urban non-point
source pollutants on stream water quality. Issaquah and Tibbetts creeks were part
of the assessment (Brett et al., 2005a).

e CQOver a l-year period, daily total phosphorus and weekly SRP were measured in four
Seattle area streams, including Issaquah Creek, spanning the gradient of forested to
urban dominated land cover (Brett et al., 2005b).

e Phosphorus bioavailability as a function of stream flow in forested, urban,
agricultural (i.e., dairy farm) and mixed land cover streams was evaluated at 16
stream sites, including Tibbetts and Issaquah creeks (Ellison and Brett, 2006).

Effects of a Temperature-Oxygen Squeeze on Distribution, Feeding, Growth, and Survival of
Kokanee (Oncorhynchus nerka) in Lake Sammamish 2009

The seasonal and diel distribution of salmonids in response to changing dissolved oxygen
and temperature profiles in Lake Sammamish, Washington were examined by combining
concurrent limnological measurements with gill netting and hydroacoustic surveys (Berge,
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2009). Thermal stratification intensified through summer and fall with increasing
temperatures in a deepening epilimnion. As the summer progressed, low hypolimnetic DO
encroached into the metalimnion, creating a temperature-DO squeeze that reduced the
amount of favorable (<17° C and > 4 mg/L) habitat available for salmonids by as much as
90percent. Kokanee Oncorhynchus nerka and cutthroat trout O. clarki, responded to these
limnological changes by moving to the metalimnion during peak stratification. The
consequent overlap among zooplankton, juvenile kokanee, and piscivorous cutthroat trout
influenced growth efficiency, condition, and spatial-temporal patterns of predation risk for
kokanee. Climate change model projections suggest more protracted thermal stratification
in future years, creating an uncertain future for kokanee in Lake Sammamish.

Predicting Climate Change Effects on Kokanee Habitat Suitability in Lake Sammamish 2013

Two lake temperature models were used to evaluate impacts of climate change on Lake
Sammamish. This work utilized 2- and 3-dimensional lake temperature models developed
as part of an earlier study to simulate observed lake temperatures over an 8 year period
(1994-2002). Both models were generally consistent in their predictions of warming
throughout the lake in response to future warming of the local climate, with a
disproportionate amount of warming predicted to occur in the surface layer in the summer.
Overall, the available habitat for kokanee is predicted to decline in response to warming.
The decline in habitat volume also results from earlier onset of stratification and delay of
destratification, which results in an extension of the period that the lake is stratified during
the summer. The earlier onset of stratification results in warmer surface waters in the
spring than would have occurred historically. The lake is also predicted to become more
thermally stable under future warmer conditions.

1.3.2 Watershed Changes

There have been three important changes in the watershed during the past two centuries
that have affected the water quality of Lake Sammamish. The first change was the
deforestation of the watershed beginning in 1880. Second was the diversion of wastewater
in 1968. And thirdly, the rapid increase in urban development in the 1990s leading to the
development of the Lake Sammamish Management Plan and the Lake Sammamish
Initiative.

1.3.2.1 Forest Conversion

The watershed was deforested during 1880 to 1930 with the greatest rate of removal
occurring during the last 20 years of that period. The majority of the old growth forest was
cut by 1930 leaving most of the watershed restocking as second growth forest. Coal mining
also started in the 1800s, declining after its peak in 1914. Residential development was
also occurring during the same time period, particularly along the lake front (Rock, 1974;
Birch, 1976).

Lead 210 dating of sediment cores showed that the highest sediment accumulation rate in
Lake Sammamish (0.67 cm/year) occurred from 1932-1944, the period following the
greatest rate of deforestation and with probably the most erosion (Birch, 1976). The
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sedimentation rate over the subsequent 30 years (0.32 cm/year) decreased by about one
half, but was still higher (nearly 50 percent) than the pre-deforestation rate (0.21
cm/year). While P loading increased fourfold following deforestation, the diatom
assemblage showed a consistent pattern of mesotrophy from 1880 onward (Birch, 1976;
Rock, 1974). A one day survey in August 1913 indicated that even then the lake was
probably mesotrophic and the hypolimnion likely anoxic (Kemmerer et al., 1923).
However, oxygen depletion rate may have been much less (see Section 3.5.1).

1.3.2.2 Wastewater Diversion

The eutrophication of Lake Washington, caused by direct discharge of treated sewage
effluent, prompted METRO to investigate the condition of Lake Sammamish in the 1960s.
Results of that work indicated that the lake was in an early stage of eutrophication that
could lead to a condition similar to that occurring in Lake Washington (Isaac et al., 1966).
The lake at that time was receiving secondary treated sewage effluent (568 m3/day) from a
trickling filter facility built in Issaquah in 1940. The population at the time of diversion was
about 4,000 people. Wastewater from this facility was discharged directly into Issaquah
Creek just upstream from where it enters the lake. In addition to treated sewage, the
wastewater contained treated waste from the Darigold plant (284 m3/day), and wastes
from the salmon hatchery at Issaquah. METRO diverted the wastewater at a cost of $3 (16
million in 2002 dollars) (Gibbs et al., 1972).

With funding from then Federal Water Pollution Control Act (now EPA), Washington Water
Research Center and National Science Foundation (NSF), the University of Washington,
Department of Civil Engineering began monitoring the lake in late 1969. Complete water
and nutrient budgets were constructed for water year 1971, and the contribution of TP
from Issaquah Creek, which yielded 70 percent of the lake’s water and TP, was determined
through 1975. Results of the TP budget, and analyses of the Issaquah and dairy wastewater,
showed that the best estimate of the TP diverted in 1968 was about 7,000 kg or 35 percent,
a decrease from 1,020 to 670 mg/m? of lake surface per year (Welch, 1977).

Contrary to early expectations, Lake Sammamish did not respond to wastewater diversion
as quickly as Lake Washington. Trophic state indicators (epilimnetic TP, chl g, and
transparency) during 1970-1974 had changed little from pre-diversion values (Welch,
1977; Emery et al.,, 1973). In contrast to Lake Washington, recovery to equilibrium TP level
was delayed in Lake Sammamish by about seven years. Also, in contrast to Lake
Washington, whole-lake TP increased in the 1980s, reaching 23.7 pg/L in 1987 (See
Section 3.5).

Expectations for wastewater diversion were that Lake Sammamish would show rapid
recovery to near pre-wastewater conditions as had been observed in Lake Washington.
However, there were significant differences between the two lakes that affected such
expectations. Lake Washington was considered eutrophic at the time of diversion. Lake
Sammamish was mesotrophic, as indicated by the sediment diatom index (pinnate:
centrate ratio 1.2) and summer epilimnetic means of TP (~ 20 pug/L), chl a (~ 6 pg/L) and
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transparency (3.3 m) during 1970-1974 (Welch, 1977). The pre-diversion values for these
variables in Lake Washington were, respectively, 65 ug TP/L, 36 ug chl a/L and 1.0 m
Secchi transparency, indicating a near hyper-eutrophic state (Edmondson, 1970).
Cyanobacteria dominated the summer phytoplankton in both lakes, but their biomass,
comprised mostly of Oscillatoria, was much greater in Lake Washington (Isaac et al., 1966;
Edmondson and Litt, 1982).

Another important difference was the inflow concentration of TP. The Cedar River,
representing 66 percent of the water input to Lake Washington, had an average inflow
concentration of only 17 ug/L (King County DNRP, 2003). In contrast, Issaquah Creek, with
70 percent of water input into Lake Sammamish, had a post-diversion inflow concentration
of 65 nug/L (Welch et al,, 1980). Therefore, a lower post-diversion lake TP due to external
loading would have been expected in Lake Washington, given similar water residence times
and sedimentation rates.

The most important difference between the two lakes was DO in the hypolimnion. By mid
to late summer in Lake Sammamish, hypolimnetic waters were anoxic. In contrast, DO has
never been less than 2 mg/L in the hypolimnion of Lake Washington (King County DNRP,
2003). This process of internal loading in Lake Sammamish accounted for average
hypolimnetic TP reaching maxima of 250 pg/L prior to diversion (1964 and 1965; Welch,
1977) and a maxima of 394 ug/L in 1987.

1.3.3 Increased and Ongoing Development

The third important watershed change has been the increased and ongoing rate of
development since the 1980s, converting second-growth forested land to residential use.
The Pacific Northwest is dominated by moderately well drained outwash soils, a humid
climate, and low-intensity rainfall (Brett et al., 2005b). Prior to development, these
conditions generated runoff predominantly via subsurface flow processes because of the
absorbent coniferous forest soil, which provided interception storage and
evapotranspiration (Booth, 1991; Schueler, 1994). Land use changes in the watershed alter
the quantity, quality, and timing of rainfall runoff. As forests are cleared and replaced by
impervious surfaces (paved surfaces and roofs of structures), the rate of water percolation
decreases, affecting the amount of water stored in the soils, and the rate of surface runoff
increases. These changes increase stream flows and even small rainfall events are capable
of washing accumulated pollutants into surface waters (Brett et al.,, 2005b). Unmitigated
flows resulting from development cause additional erosion and instability in the stream
channels and carry more sediment and P in particulate form that is sorbed to soil particles
(Booth and Henshaw, 2000). Urbanization can also increase storm nutrient transport by
supplying anthropogenic P sources from lawn fertilizers, septic drainfields, pet wastes, and
construction sites.

From 1900 to 1970, about 15 percent of the total watershed area (not including the lake)
had been developed, of which 70 percent was residential properties (Table 1.2,
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Figure 1.2)%. The developed fraction of the watershed more than doubled by 1990,
primarily due to the increase of SFR on the east side and Issaquah basins (Figure 1.2).
Concern was expressed that P loading from increasing urbanized area runoff, which was
shown to carry an average TP concentration of 109 pg/L in three west side storm flows,
would counteract the effort expended for, and success of, wastewater diversion (Welch

et al.,, 1980). Development was projected to increase further when completely built-out
(King County, 1995; Perkins et al., 1997). (Using runoff coefficients for designated land-use
categories TP loads were estimated to increase markedly by full build-out based on 1992
zoning (King County, 1995).)

Table 1.2 Total developed land in the Sammamish watershed from 1900 to 2011 based on total
“As Built” area (acres/hectares) for the specified time period '

Time Period SFR MFR Commercial Total % Developed
Development over time
Activity
1900-1920 482 /195 69 /28 551 /223 1
1921-1940 684 /277 667 /270 1,351/ 547 3
1941-1960 1,865/ 755 1,350/ 546 3,215/1,301 9
1961-1970 2,455/ 994 46 /19 1,037 /420 3,538/1,432 15
1971-1980 4,152 /1,680 69 /28 2,403 /972 6,624 / 2,680 26
1981-1990 4,079 /1,651 213/ 86 1,259/ 509 5,551 /2,247 36
1991-2000 3,150/1,275 | 401/ 162 1,627 / 658 5,178 /2,095 45
2000-2011 1,949 / 789 234 /95 818 /331 3,001/1,214 50
total acres / hectares | 18,816 /7,615 | 963/390 | 9,230/3,735 29,009/ 11,739
percent developed 32% 2% 16% 50%

Predictions based on a two-layer (epilimnion and hypolimnion) mass balance TP model in
1994 indicated that mean whole-lake TP concentrations would increase from the post-
diversion level of 15 pg/L in the mid-1980s to 24-28 ng/L at build-out depending upon
management strategies (King County, 1995). The increase would be due to runoff from the
increased developed portion of the watershed that yields P at a rate six times greater than
from forested land if unmitigated (King County, 1995; Perkins et al., 1997). The estimated
TP load from single family residences was estimated to make up 28 percent of the total
load in 1992 and was projected to increase to 57 percent at build-out with proposed
controls discussed below. Therefore the 1995 Lake Sammamish Initiative set management
goals to protect the lake from projected impacts.

1 Single family residential parcels were selected from the countywide parcel dataset using the Property Type
attribute and the Residential Buildings table. The selected parcels were symbolized using the Year Built
attribute, grouping them into 8 categories. The Multi-family and Commercial parcels were selected using
relevant tables. Forest parcels were parcels zoned for Forestry. Note: early years did not have MFR
designations.
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In response to rapid growth in the region the state adopted the 1990 Growth Management
Act requiring state and local governments to manage growth by identifying and protecting
critical areas and natural resource lands, and designate urban growth areas. In response to
these requirements, King County and cities within its boundaries established Urban
Growth Boundaries (UGB) within the western one-third of the County where most growth
and development were projected to occur. As growth continued, the County refined the
Urban Growth Area (UGA) as part of its 1994 Comprehensive Plan and included special
designations for the protection of farming areas and provisions for housing on larger lots in
rural area; forest production districts; and open space areas for protection of the natural
environment (Figure 1.3).

Land use change was a key factor for predicting annual lake TP concentrations in 1994,
though the UGB was not in place when the TP model was developed. Countywide parcel
data show that from 1995-1998, most residential building permits issued after the
implementation of the 1994 Comprehensive Plan were for parcels inside the UGB,
indicating that building density increased within the UGB (Robinson et al., 2005). In
contrast to where permits were issued, the total land area newly devoted to housing was
greater outside the UGA. This trend continued from 1995 through 2001. Over all
countywide total land area newly devoted to residential housing has been greater outside
the UGB (14,343 ha) compared with inside (9,084 ha) since 1994.
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Figure 1.3 Permited land use and urban growth boundary in the Sammamish Watershed. (King
County. 2014. Urban Growth Boundary. King County Department of Permitting and
Environmental Review. Seattle, WA.)
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Impervious area was used to evaluate changes in land use between 1991 and 2011. This
analysis was conducted using the 1991 and 2011 NOAA Coastal Change Analysis Program
(C-CAP) data with the following land classes - “developed open space” and “high, medium
and low intensity developed.” Impervious area has increased dramatically in the last 20
years, particularly in the east side and Issaquah Creek basins, by 98 percent and 88
percent, respectively (Table 1.3, Figure 1.4). Though the Issaquah Creek basin remains
roughly 70 percent forested, primarily in the upper watershed (Brett et al,, 2005a), the
impervious area has substantially increased from 535 hectares in 1991 to 1,005 hectares in
2011. Only 2 percent of the east side and 14 percent of the west were not classified as
impervious (Table 1.3).

Table 1.3 Impervious area in the east, west, and Issaquah basins in 1991 and 2011.

(acre/hectare).
East basin 1,001 /405 1,984 /803 98%
West basin 2,072 /838 2,557 /1,035 23%
Issaquah Creek basin 1,322 /535 2,484 /1,005 88%
Total land in watershed 58,103 / 23,514
Percent Impervious area 8% 12%

A recent evaluation found that between 1991 and 2006 there had been a decline in forest
cover in 42 of the 47 Cedar/Sammamish watershed subbasins (Vanderhoof et al., 2011). In
particular, the percent decline in the Issaquah Creek North Fork basin was 30.1 percent.
The east and west basins of Lake Sammamish both had over 10 percent declines in forest
cover from 1991-2006. In aggregate, the majority of the forest cover loss between 1991
and 1996 occurred within the UGB and the rate of loss decreased for the most part in later
years. The Issaquah East Fork basin was one exception where the rate of forest decline
increased between 2001 and 2006.
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Figure 1.4 Impervious area in the west, east and Issaquah basins in 1991 and 2011
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1.3.4 Lake Sammamish Initiative and Management Plan

The goals developed for Lake Sammamish as part of the 1995 Lake Sammamish Initiative
and Lake Sammamish Management Plan were a mean summer (June-September)
chlorophyll a concentration less than or equal to 2.8 pug/L, and mean Secchi transparency of
greater than or equal to 4.0 meters, and an annual mean volume-weighted TP
concentration of less than or equal to 22 pg/L.

The Lake Sammamish Management Plan had two long-term and multiple specific short-
term action recommendations to meet the goals, the most costly being 50 percent P
removal from new development. Multiple specific short and long-term recommendations
identified in the Lake Sammamish Management Plan have been implemented to some
extent (Joanna Richey, pers. com., June, 26, 2012; Joanna Buehler, pers. com., April 3, 2014).
In particular, the two long-term recommendations were:

e 659% forest retention in rural areas.

e 50% retention of TP on future non-rural development. 1998 King County Surface
Water Design Manual followed by the 2001 State Stormwater Management Manual
for Western Washington. Both of these documents have been updated over the
years.

In addition, two other multi-jurisdictional basin planning efforts were completed in 1994 in
recognition of potential impacts to surface waters from increasing urbanization in the
Sammamish watershed. These basin plans were funded in part by the Washington
Department of Ecology Centennial Clean Water Fund - The Issaquah Creek Basin and
Nonpoint Action Plan (King County, September 1994), and The East Lake Sammamish
Basin and Nonpoint Action Plan (King County, December 1994). Both of these plans had
multiple recommended actions to protect residents from flooding, control flows and
erosion, prevent environmental degradation of aquatic habitat, and reduce non-point
pollutant loads to surface waters. Recommendations included regulatory controls, multiple
specific Capital Improvement Projects (CIPs), and education, enforcement, and monitoring.
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2.0 METHODS

Monitoring of Lake Sammamish began in the early 1960s when wastewater was being
discharged into both Lake Washington and Lake Sammamish. METRO/King County began a
routine monitoring program in the three major lakes (Union, Washington, and Sammamish
and their tributary streams in the late 1979 to track long-term changes in water quality.
The continued long-term monitoring of lake water quality has provided data to evaluate
changes in water quality, examine effects of land-use changes and different management
actions in the watershed on the lake’s quality, and help agencies maintain awareness of
water quality conditions and identify problems in order to inform management decisions.
This study evaluates lake data collected from mid-1960s through 2011. In general, lake
measurements are made on a monthly basis December through February, with bimonthly
measurements from March through November. Streams are monitored monthly.

2.1 Lake Sampling

Water samples have been collected routinely by King County at seven lake stations
(Figure 2.1). The five nearshore stations distributed along the shoreline near the mouths of
influent streams were sampled by King County from the mid-1980s through 2008. These
stations were eliminated for budgetary reasons. The two deep, or pelagic, stations have
been monitored continuously since 1994 (station 0611) and 1979 (station 0612). These
deep water stations have maximum sampling depths ranging from 20 to 25 m. Changes in
water quality observed over time at the pelagic stations reflect the effects of long-term,
landscape changes in the watershed. Data from station 0612 was used in this report to
compare with earlier data collected by the University of Washington researchers that
sampled the same location beginning in 1970 (Moon, 1973) and by METRO in the 1960s
(Isaac et al.,, 1966).

Grab (instantaneous) samples for total alkalinity, and nutrients, were collected at various
depths in the water column using Van Dorn bottles at the shallow stations and Niskin
bottles at the deeper, open water station. Some parameters were determined in the field
(pH, temperature, DO, and conductivity) using a calibrated Hydrolab unit equipped with
electronic sensors that was lowered to selected depths. Transparency was measured at
each station using a 28-cm-diameter black-and-white Secchi disk equipped with a
graduated line.

Sampling methods for chl a samples varied over the time period discussed in this report.
Prior to 1994, chl a samples were collected at 1 m depth. Discrete compositing was
implemented in March 1994 and consisted of compositing a sample collected from 1 m
below the surface with a sample collected at Secchi depth. Beginning in 2004, sample
compositing changed to a vertically integrated sample collected using a weighted length of
1.6-cm Tygon® tubing let down vertically through the water column. The tube is plugged at
the surface and at the submerged end by a check valve and retrieved. Although observed
differences between the two methods were often significant (King County, 2004), it was
determined that these small differences would not significantly affect the ability to detect
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long-term trends in seasonally averaged chl a concentrations. Phytoplankton samples were
collected using the same methods as chl a and were preserved with Lugol’s solution.

To simplify the characterization of the lake through the water column over time, all
samples collected from depths above 10 meters at station 0612 were designated
epilimnetic samples and samples below 15 meters were designated as hypolimnetic
samples. See Appendix A for tables summarizing volume-weighting methodology. Annual
means and standard deviations for all lake water quality data are in Appendix B. Some data
from earlier work done by the University of Washington was used in historical
comparisons as discussed below.
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Figure 2.1 Depth contours and water quality sampling stations on Lake Sammamish
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2.2 Stream Sampling

Monthly grab samples were collected by King County at the mouth of the seven tributaries
to Lake Sammamish for nutrients and total suspended solids (Table 2.3, Figure 2.2).
Conductivity, temperature, and DO were measured using a calibrated Hydrolab unit.
Continuous gages measured flow for several of the creeks (Table 2.1).

Period of record varies for each creek with Issaquah Creek having the longest consistent
record beginning in 1980. Budget reductions in 2009 eliminated five of the routine water
quality monitoring stations. Some monitoring of Issaquah Creek had occurred in the 1970s
but data collection was not consistent until 1979. Issaquah Creek is the major tributary to
the lake and there are several studies conducted through the University of Washington
Department of Civil and Environmental Engineering that are referenced throughout this
report.

Initially, METRO/King County’s long-term ambient monitoring program was designed to
collect one random sample each month. Beginning in 1993, additional sampling of wet
weather events was initiated. However, the wet weather events were sometimes
substituted for the routine random sample; i.e., the single routine monthly sample may
have been designated a non-random wet weather event sample. The storm sample was
used in this analysis of long-term data for months when no regular routine monthly sample
was collected-assuming that the designated routine sampling event was reclassified as a
wet-weather event.

Table 2.1 Period of record for tributaries entering into Lake Sammamish.

Tributary Water Chemistry Flow Gage
Period of record - water Period of record
year (Oct—Sept)
West side Tributaries Idylwood Creek (A620) 1995-2008 NA
East side Tributaries Eden Creek (A690) 1987-2008 NA
Ebright Creek (A685) 1996-2008 NA
Pine Lake Creek (A680) | 1987—2011 1999 - 2010
South Tributaries Issaquah Creek North Fork (46a)
Mouth (0631) 1972-2011 1987—present
Upstream (A631) 1972-2008, 2013-2011 East Fork (14b)
North Fork (A632) 1972-2008 2004—present
Tibbetts Creek (X630) 1997-2008 1987-1991
Lewis Creek (A617) 1995-2008 (63a) 1998—present
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Figure 2.2 Tributary Sampling Locations
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2.3 Laboratory Analysis

Grab samples from the water column were analyzed at the King County Environmental
Laboratory. Laboratory methods and detection limits for conventional parameters are
provided in Table 2.2. Additional information about the King County Environmental Lab
can be obtained at the laboratory’s website:
http://www.kingcounty.gov/environment/wlr/sections-programs/environmental-

lab.aspx

Quality assurance/quality control procedures included the use of blanks, duplicates, and
spikes where appropriate. All data were reviewed by King County Environmental Lab staff
before entry into the Laboratory Information Management System (LIMS) database.

Table 2.2 Laboratory methods and detection limits for conventional water samples.

Parameter Standard Methods" MDL* (mg/L)
Alkalinity SM 2320-B 0.2
Chlorophyll a SM 10200-H 0.0005
Ammonia-Nitrogen SM 4500-NH3-H 0.02

. SM4500-N-D +
Total Nitrogen SMA4500-NO3-F 0.05
Nitrate/Nitrite SM4500-NO3-F 0.05
Soluble Reactive Phosphorus | SM 4500-P-F 0.002
Total Phosphorus SM 4500-P-B,E 0.005
Total Suspended Solids SM2540-D (03-01-009-001) 0.5

* Method Detection Limit
1 - Codes listed are from Standard Methods for the Examination of Water and Wastewater.

2.4 Statistical Analysis

A non-parametric Seasonal Kendall test was used to determine if an observed trend was
unlikely to be due to random variation (Helsel and Frans, 2006). A standard p-value of <
0.05 was used to determine if the null hypothesis should be rejected - meaning the trend
was weakly significant if the p-value was < 0.05 and not due to random variation. The
p-values reported throughout the report are as follows:

p<0.01 - Very strong statistical significance
0.01 <p<0.05 - Strong statistical significance
0.05<p<0.10 - Weak statistical significance
p>0.10 - No statistical significance
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2.5 Water Quality Parameters

General lake water quality indicators temperature, dissolved oxygen (DO), conductivity,
alkalinity, total phosphorus (P), soluble reactive phosphorus (SRP), total nitrogen (N),
nitrate+nitrite nitrogen (NO23), ammonia (NH4), were measured at multiple depths. In
addition, Secchi disc transparency (SD) was measured. Chlorophyll a (chl a) was measured
as a composite sample. Some parameters have been added over time and do not have
continuous measurements spanning from the 1980s. Beginning in 2003 quantitative
phytoplankton enumeration was determined from samples collected at the pelagic station.
Below is a detailed discussion of these water quality constituents.

All stream and lake data reported is time-weighted by calculating the monthly mean when
more than one sample is collected in a given month. Many of the lake constituents were
volume-weighted using a total lake volume of 327,000,000 m3 based on the hypsographic
curve from Birch, (1976). A depth starting at 15 meters was used for the hypolimnion,
which represented a volume of 98 x 10® m3 and a mean hypolimnetic depth of 8.17 m.
Using a shallower depth to calculate hypolimnetic volume would encompass some of the
metalimnion. Hypolimnetic and epilimnetic concentrations are usually weighted from the
thermocline, which declines gradually during the summer. However, depth and volume of
the hypolimnion used here were kept constant to determine volume-weighted
concentrations and subsequent sediment release and oxygen depletion rates. Volume -
weighted concentrations are indicated as “whole lake,” “epilimnetic,” “metalimnetic,”
and/or “hypolimnetic” means throughout the report.

» o«

Historical data reported by King County (1995) were grouped into time intervals of 1964-
1965, 1970-1973, 1980-1984, 1985-1989, 1990-1994 for comparison of data sets before
and after diversion (King County, 1995). These groupings are repeated and expanded upon
in this report.

2.5.1 Temperature

Water temperature is an important water quality variable because it (1) directly affects
biological and chemical activity, (2) affects water density, which determines water column
stability (i.e., thermal stratification), and (3) defines available habitat for a variety of
aquatic species.

The seasonal pattern of temperature throughout the water column is determined largely by
climatic factors. During winter, temperature throughout the water column is relatively
constant, as in other temperate, monomictic lakes, because the lake is at a uniform
temperature and density and therefore well mixed. During the summer the water column
stratifies into a warm, less dense surface layer (or epilimnion), an intermediate
metalimnion, and a colder, denser hypolimnion. This stratified condition develops because
increased solar radiation in the spring heats the surface water which becomes less dense.
The depth of mixing defines the bottom of the epilimnion and occurs where wind energy
exerted to mix the water column equals the energy of resistance due to the higher density.
Because the epilimnion and hypolimnion do not mix with each other during the summer-
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stratified period, chemical and biological characteristics in the two layers usually diverge.
In the fall, as the surface water cools and becomes denser, mixing by wind becomes easier,
and thermal stratification moves downward until complete mixing returns.

Sammamish temperature profiles collected in the 1970s (from the University of
Washington Department of Civil and Environmental Engineering) and 1980s through 1993
had too many anomalies and inconsistent sampling frequencies to directly compare
stratification changes over time. Therefore for long-term temperature comparisons, surface
temperature at one meter was used.

2.5.2 Dissolved Oxygen

DO is an important constituent that directly affects, and is affected by, abundance and
diversity of aquatic organisms. Vertebrate and invertebrate taxa have specific tolerances
for low DO for metabolic needs. Water quality criteria for DO are often established to
protect the reproduction and growth of sensitive species. The amount of oxygen that can be
held in water varies with water temperature (saturation). Water bodies with DO near
saturation levels (e.g., 9 mg/L at 20°C) at all depths are capable of sustaining a diverse
assemblage of aquatic organisms while fewer organisms are capable of tolerating low DO
environments.

In lakes, DO is produced as a byproduct of photosynthesis and consumed through
respiration by organisms as well as diffusion from the atmosphere into the water, generally
maintaining high concentrations in the epilimnion. However, consumption can easily
exceed supply in the hypolimnion, where photosynthesis and atmospheric diffusion are
absent, while settled organic matter in the water and sediment create a DO demand. During
summer stratification, DO concentrations may change dramatically with depth below the
thermocline to the point of total depletion near the bottom sediments in the hypolimnion.
As oxygen levels in the hypolimnion decline as the result of sediment oxygen demand and
the decomposition of detritus settling from the epilimnion, species of fish and invertebrates
not tolerant of low DO are replaced by less tolerant species.

Some regional lakes may lose dissolved oxygen entirely in deep water during extended
periods of thermal stability, other do not. The magnitude of the loss of DO in the
hypolimnion is correlated with shallow water algal production (Edmondson, 1966;
Lehman, 1988). Thus, the level of DO and the rate of its loss are used as a type of trophic
state index - the aerial hypolimnetic oxygen depletion rate, or AHOD, as DO loss per unit
area. The AHOD rate was calculated by determining the slope of a regression line that
defines the relation between volume-weighted hypolimnetic DO and time from May until
just before DO drops below 1 mg/L. The determined slope, or g DO/m3 per day, was
multiplied by the hypolimnetic mean depth (below 15 m) of 8.17 m to yield the areal rate in
g/m? per day.
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2.5.3 Phosphorus

Phosphorus is an essential naturally occurring element for the metabolic processes and
growth of both plants and animals. It occurs naturally in soil and rock and can be found in
plant and animal tissue as well as on particles in the atmosphere. Total phosphorus (TP)
represents both organic and inorganic P in particulate and dissolved forms. Soluble
reactive phosphorus (SRP) generally represents that portion of P (largely phosphate) that
is dissolved in water and is readily available for biological uptake.

Phosphorus is important to algal growth and has historically been the nutrient most closely
linked to the long-term change in algal production in Lake Washington (see Section 3).
Lake Sammamish is also P limited (see Section 3), so increased P may lead to increased
algal blooms. Human activities within the watershed, through land-use change that
increases the rate and magnitude of stormwater runoff and direct discharge of treated
sewage effluent, increases the input of P and is usually the most important cause of
eutrophication and serious water quality degradation at moderate latitudes in the northern
hemisphere (Carpenter, 2008). Anthropogenic sources of phosphorus include residential
and agricultural application of fertilizer, septic systems, leaky wastewater conveyance
systems, animal waste, and accelerated erosion of sediment bound phosphorus due to
alterations in the physical and hydrologic features of the watershed.

Phosphorus data cited in King County, 1995, was used for data prior to 1995 and included
historical TP data from 1964-1966 (METRO), from 1970-1975 (University of Washington
Department of Environmental and Civil Engineering), from 1979-1981 (METRO/King
County). From 1964-1966, METRO analyzed for total soluble phosphorus (TSP) and not
TP. Comparative analyses by METRO in the 1980s indicated that the ratio of TP/TSP was
variable, but averaged about 1.2. Thus, pre-diversion TSP data were converted to TP using
that ratio. Why the converted pre-diversion epilimnetic TP values were not higher,
consistent with higher whole-lake TP may be due to the conversion ratio being too low.
Since most of biologically available P in spring-summer is in algal cells (Butkus, 1987;
Butkus et al., 1988), that particulate P would not have been measurable as part of the TSP
procedure (the unheated acid digestion process does not liberate cellular P) and high algal
concentrations may have been missed in samples used to determine the conversion ratio.
Determining TP (hot acid digestion) accounts for available P as well as the P within algal
cells. TP data from 1981-1994 cited in King County (1995) was used but volume weighting
was modified as described below. Any additional changes in data processing from that
reported by King County (1995) are noted in Appendix A.

Phosphorus concentrations were volume-weighted using a total lake volume of
327,000,000 m3 based on the hypsographic curve in Birch (1976). A depth starting at 15
meters was used for the hypolimnion which represented a volume of 98 x 10 m3 and a
mean hypolimnetic depth of 8.17 m. King County (1995) used a depth of 11 meters from
the surface to define the hypolimnion which includes much of the metalimnion and results
in a nominal hypolimnetic mean depth of 11 m and a volume of about 152 x 106 m3. This
difference in hypolimnetic depth was shown to have a rather small effect on volume-
weighted hypolimnetic TP from what King County (1995) reported. Means of the
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differences between using hypolimnetic mean depths of 11 m (King County, 1995) and 8.17
m were only 1.5 +1.9 pg/L for the 1981-1994 data. That small effect is apparently due to
most of the seasonal change in concentration occurring below 15 m, the nominal top of the
hypolimnion.

Note: The King County Environmental Lab changed its TP analysis method in July 1998 and
again in January 2007. These changes resulted in a bias toward lower reported TP values.
For comparison with historical data, in particular values reported in King County (1995),
values reported after July 1, 1998 were increase by a factor of 1.262 (R2 = 0.989).

2.5.4 Sediment Phosphorus Recycling and DO Demand

Sediment P release was calculated based on the rate of buildup of TP in the hypolimnion.
This method was found to produce results similar to results from Lake Sammamish
sediment cores brought into the laboratory and incubated under anoxic conditions at
hypolimnetic temperatures (Niirnberg, 1987). Rates were calculated from regression lines
relating volume-weighted hypolimnetic TP versus time - in general August to turnover -
for data from 1964-2011.

Most, but not all, of sediment P release is due to anoxia at the sediment-water interface.
Under anoxia, iron is reduced and P that was sorbed to the ferric hydroxy complex is
solubilized into the sediment pore water and may diffuse into the overlying water. The
deepest determination of TP and DO was 25 m, which is not the bottom at station 0612, so
the onset of anoxia occurring at the sediment-water interface was not measured. TP
fluctuates at 25 m until late July or August and then starts to increase more consistently.
Therefore, the beginning of TP increase (typically the first sampling date in August) was
chosen to determine rates. The same procedure was used by King County (1995). As
phosphorus is released from the sediment during stratification, the concentration builds in
the hypolimnion. When the lake turns over in late autumn - early winter, the phosphorus
in the hypolimnion is distributed throughout the water column where it available for
utilization by phytoplankton.

Areal hypolimnetic oxygen deficit rate (AHOD) was determined by regressing volume-
weighted DO in the hypolimnion below 15 m from the first sampling date in May to the last
sampling date at which DO at 25 m reached < 1 mg/L. King County (1995) used a constant
hypolimnetic mean depth of 11 m in volume-weighting DO concentrations and determined
the oxygen deficit by difference rather than by regression. There turned out to be little
difference in AHODs using the two mean depths. Similar to TP, most of the seasonal DO
concentration change occurred below 15 m, the point below which DO addition through
photosynthesis and atmospheric aeration was minimal or nonexistent. The mean of the
differences in AHOD between using 11 m mean depth (King County, 1995) and 8.17 m was
only -0.041 g/m? per day, or 7 percent less for the 1981-1994 data.

There is considerable variation in calculated AHODs because:

1. The seasonal decrease in DO is not always constant, so there is variation about
best-fit regression lines.
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2. Thermal stratification depth, intensity and duration are often variable from
year-to-year.

3. Stratification can be disrupted by changing climatic conditions, resulting in
altered hypolimnetic depths and DO additions to the hypolimnion.

These factors result in normal year-to-year variations of + 25percent. Thus, trends would
need to be substantial to have statistical significance (see Section 3.5).

2.5.5 Nitrogen

Nitrogen exists in several forms in natural water, including nitrite-nitrogen, nitrate-
nitrogen, ammonium-nitrogen, organic nitrogen, and elemental nitrogen. Aquatic
organisms commonly use the dissolved forms of nitrogen; ammonium-nitrogen and
nitrate-nitrogen. Total nitrogen (TN), nitrate plus nitrite, and ammonium-nitrogen are the
forms historically sampled in Lake Sammamish. King County did not begin to measure total
nitrogen until 1993. Nitrate and nitrite nitrogen are often reported as one value due to the
method of analysis, as nitrate+nitrite nitrogen, which is the case in this report. Nitrite
nitrogen in ambient water is typically negligible and so reported nitrate+nitrite values are
almost always predominantly nitrate. An increase in only nitrogen input might have little
effect on productivity because Lake Sammamish is generally P-limited (Section 3.5).
However, long-term changes in nitrogen to phosphorus ratios may cause changes in
phytoplankton community composition (Downing et al. 2001) that could have negative
impacts. Also, long-term change in nitrogen concentrations may indicate changes in
watershed activity. Increased inputs of N to Lake Sammamish could also affect water
quality downstream in Puget Sound because marine waters tend to be N-limited, even if
changes in Lake Sammamish trophic structure are not detectable.

A study of the regional long-term stream data found that seasonally high nitrate
concentrations during the winter were not the result of anthropogenic impacts on the
watershed but rather the presence of alders, which are an important source of inorganic N
due to symbiotic N> fixation (Brett et al., 2005a).

2.5.6 Conductivity

Specific conductance (conductivity) is a measure of the capacity of water to conduct an
electric current standardized at 25 °C, allowing comparisons among waters of different
temperatures. Temperature and the concentration of major dissolved ions in water
determine the conductivity. Waters in the Puget Sound region generally have low levels of
dissolved minerals and relatively low conductivity due to slow weathering igneous
bedrock. Conductivity is generally higher during base flows in King County streams and
decreases during storm events due to dilution from rainwater. Changes in water flow
pathways with less infiltration to groundwater due to direct stormwater conveyance to
streams may result in longer groundwater residence times with greater leaching of major
ions so that groundwater discharge to streams during baseflow conditions has higher
conductance. Thus, annual average stream conductance is increased overall. In addition,
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increased conductivity in urban streams has been attributed to several sources including
leaky sewer and septic systems and concrete weathering (EPA, 2012).

Active land use and land-use conversion from open space to developed areas tend to
increase conductivity, and such increases may indicate the presence other pollutants. For
example, chloride from drain field leachate, nitrite+nitrate-N and soluble P from fertilizer,
and/or major dissolved ions in stormwater from disturbance land.

2.5.7 Alkalinity

Total alkalinity, also called acid neutralizing capacity, of water is based on the
concentrations of bicarbonates, carbonates, and hydroxides, and is expressed in mg
CaCO3/L (Wetzel, 1983). It relates to the ability of water to resist pH change, also known as
buffering capacity.

Total alkalinities of surface waters in western Washington are generally low due to the lack
of sedimentary bedrock containing carbonates (Carroll and Pelletier, 1991) and therefore
have low resistance to pH changes. In local water bodies, pH often increases to high levels
(> 10) during large algal blooms when photosynthetic removal of CO2 by algae is faster
than its replenishment from the atmosphere.

2.5.8 pH

Hydrogen ion activity in water is measured as the negative log of the hydrogen ion (H*)
concentration (pH), which indicates the degree of acidity of a lake. The pH is inversely
related to hydrogen ion activity, so waters with pH above neutral 7.0 are termed “alkaline”
and those below 7.0 are “acidic.” As discussed above, photosynthesis removes carbon
dioxide (in the form of carbonic acid and bicarbonate) from water, reducing the
concentration of hydrogen ions, increasing pH. For this reason, pH is often higher at the
surface during daylight hours in the summer, especially in low-buffered waters. Dense,
rooted aquatic macrophyte communities can also increase pH during intense
photosynthesis. Frodge et al. (1991) observed pHs greater than 10 in dense beds of milfoil
in Lake Washington. The addition of CO; by diffusion from the atmosphere and microbial
respiration, lower pH. Organic matter that settles onto the lake bottom and is decomposed
contributes to lower pH with depth. Water near the bottom and in surficial sediments
usually has a pH around 6 due to bacterial decomposition of settled organic matter.
However, most surface waters have a pH between 7.0 and 8.5, which is slightly alkaline.

High-elevation lakes in the Cascade Mountains and open water wetlands with bog-like
characteristics in Puget Sound lowlands often have a pH below 7.0 due to very low
alkalinity and water inflows directly from rainfall, snow, and from basins with little soil
build-up. Thus they have poor buffering capacity, and are therefore highly sensitive to acid
precipitation.
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2.5.9 Transparency

Water transparency, or clarity, is measured with a standard black-and-white metal Secchi
disk that is 28 cm in diameter. The depth at which the disk disappears from sight is
determined by attenuation of light penetrating the water column and reflected back from
the white portion of the disk to the observer. Light attenuation through the water column is
influenced by several factors, including small sized particles made up of living planktonic
algae, suspended sediment and organic detritus, and water color generally derived from
incompletely decomposed organic molecules. Therefore, the depth that the disk is visible
decreases as the concentration of small particles and dissolved colored substances
increases.

Transparency of Lake Sammamish is dependent largely on the concentration of algal
particles during periods of dry weather when inflows are not bringing in large amounts of
erosive materials into the lake. This is especially true in summer, which is usually the
season used to indicate the state of lake quality and trophic state. Chlorophyll g, as an index
of algal biomass, is inversely and non-linearly related to Secchi transparency (Carlson,
1977). The impact to water clarity from phytoplankton in Lake Sammamish is influenced
by dominance shifts from unicellular to multicellular phytoplankton.

2.5.10 Phytoplankton and Chlorophyll a

Chlorophyll a (chl a) is a photosynthetic pigment present in all algae and cyanobacteria.
Chl a is used by these organisms in the process of photosynthesis, which converts light
energy, carbon dioxide, and water to chemical energy that can be stored for future use. The
ratio of algal biomass, or carbon, to chl a varies with species, nutrient availability, light and
other environmental conditions. Thus, chl a is not an exact measurement of algal biomass.
Nevertheless, it is used universally as an indicator of algal biomass and lake trophic state
and this ratio is conventionally assumed to be about 50:1.

King County Environmental Lab changed analytical methods for chl a in July 1996. This
method change resulted in a 14 percent increase in chlorophyll values due to improved
extraction. Values reported prior to July 1996 were adjusted by increasing them by a factor
of 0.14 for comparison with more recent data.

2.5.11 Total Suspended Solids

Total suspended solids (TSS) was measured in the streams and is used to estimate the
amount of suspended material in the water, whether it is mineral (e.g., soil particles) or
organic (e.g., algae). Particulate matter provides attachment places for pollutants such as
nutrients to enter the receiving water. High concentrations of particulate matter can result
in increased sedimentation that can impair important habitat for fish and invertebrates. In
general, it is human activities within the watershed that usually results in higher TSS
measurements (e.g., development results in loss of vegetation, increased erosion, and
runoff).
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TSS is a measure of the actual weight of material per volume of water and is reported in
milligrams per liter. This measurement becomes important when trying to calculate total
quantities of material in a stream, or when trying to determine the loading of particulate
matter into receiving waters. There is no state water quality standard for TSS.
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3.0 RESULTS

This section describes the current status and long-term changes in water quality conditions
in Lake Sammamish. The relationship between changes in water quality and changes in the
watershed including wastewater diversion, and ongoing development following the
implementation of the Lake Sammamish Management Plan in 1994 is examined.
Specifically, the data were analyzed with the following objectives:

e Characterize the water quality status of the lake relative to accepted indicators, such
as transparency, DO, TP, and chl a.

¢ Identify any trends in water quality, with reference to historical conditions where
applicable.

e Provide information to be used in making future environmental management
decisions that may impact the lake.

3.1 Water Inflows

Water enters Lake Sammamish through direct precipitation to the lake surface, flows from
tributaries, groundwater, and lateral flow along the eastern shoreline (King County 2008).
The quantity of these flows is affected by localized land use (Section 1.3.3) as well as
regional climate variability.

Climate variability in this region is strongly influenced by variation in Pacific Ocean
circulation. Two measures of this variability that differ in the time-scales of their influence
are the El Nino Southern Oscillation (ENSO) and the Pacific Decadal Oscillation (PDO).
ENSO varies from warm to cool phases on the scale of years, while PDO varies on a decadal
scale. The PDO shifted from a cool/wet phase to a warm/dry phase in 1976-1977.

3.1.1 Precipitation

Timing of precipitation can affect lake water quality. Heavy rains can result in high nutrient
loading to the lake. If these inputs occur during the growing season, then algae can utilize
the nutrients and algal production can increase. If the loading takes place during the fall
and winter months, it is less likely to have an immediate effect on algal abundance, but a
portion (less the fraction buried in bottom sediments) will remain in the lake until the next
growing season. The seasonal distributional pattern of precipitation in the Pacific
Northwest is one of wet winters and springs, and relatively dry summer. Figure 3.1 shows
monthly accumulated rainfall for each year and the variation from year to year from the
52-year average. For example, 1996 and 1997 were exceptionally wet years. 2001 was
relatively dry with cumulative precipitation well below the 50-year average until the last
few months of the year, at which time the rainfall accumulations caught up with the
historical average.
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Figure 3.1 Monthly accumulated precipitation at the National Climatic Data Centers Sea-Tac
International Airport Station (# 24233) calculated for each study year 1990 to 2011.

Accumulated precipitation generally increases from October through April, but the curves
are relatively flat with little additional precipitation between May and September

(Figure 3.1). This means that external loading of nutrients is usually low in summer and
high from late fall to early spring. Therefore, any new supply of nutrients to the epilimnion
during summer must come from internal recycling from sediments and the residual low
stream inflows.

Epilimnetic nutrient concentrations decline during summer as they are assimilated by
algae, which gradually settle through the water column, and the depleted nutrients are not
fully replaced. On the other hand, any late spring to early fall rain events (during
stratification) that cause runoff from urbanized areas will probably enter the epilimnion,
because runoff from impervious surfaces is usually warmer than the lake surface water,
and thus, contribute new nutrients to the epilimnion.

Annual precipitation averages 39 inches per year at Sea-Tac International Airport and was
highly variable in the last 50 years (Figure 3.2). During the last two decades annual total
precipitation was above the 50-year average 45 percent of the time and ranged from a high
of 51 inches (130 cm) in 1996 to 28 inches (71 cm) in 1993, and 2000 (Figure 3.2). The six
years from 2000-2005 averaged 6 and 7 inches (15-18 cm) less than the periods 2006-
2011 and 1994-1999, respectively. Although variable, there was no consistent trend in
precipitation.
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Figure 3.2 Annual total precipitation from 1963 to 2013 and the 50 year historical average (1948
2014) measured at the National Climatic Data Centers Sea-Tac International Airport
station (#24233).

Precipitation in the Lake Sammamish basin is substantially higher than at Sea-Tac
International Airport. Previous analyses estimated a 15 percent higher annual rainfall total
onto the surface of Lake Sammamish relative to Sea-Tac International Airport (King County
2008). Analysis of rainfall totals at King County’s Tibbetts Creek rain gage (available online
at http://green.kingcounty.gov/WLR/Waterres /hydrology/default.aspx) show an annual
average of 55 inches per year between 1988 and 2013. This is about 16 inches per year
higher than the 39 inch annual average rainfall at Sea-Tac International Airport over the
past 50 years. At higher elevations, even more rainfall occurs, with an annual average of 60
inches per year from 1995 to 2013 at King County’s Hobart rain gage.

3.1.2 Issaquah Creek Flows

Average annual flows in Issaquah Creek have dropped by roughly 20 percent over the past
nearly 50 years (Figure 3.3) (King County, 2010). The lower flows probably reflect the
lower rainfall that is related to the shift in the PDO from a cool/wet phase to a warm/dry
phase in 1976-1977. The horizontal lines in Figure 3.3 represent mean flows for the two
periods 151.8 cfs (4.3 m3/s) during 1964-1976, and 123.6 (3.5 m3/s) during 1977-2012.
The highs and lows have been about 30 cfs less in the past three decades with an average of
123.6 cfs (3.5 m3/s) (about 30 cfs less). The winter pattern was similar with 1976-1977,
1987-1988, 1993-1994, and 2000-2001 being exceptionally low flows.
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Figure 3.3 Annual average Issaquah Creek flow (water year) and wet season (November — March)
from 1964 through 2012.

3.1.3 Tributary Water Quality

Time series plots for nutrients, TSS and conductivity were generated for each of the six
tributaries based on the data available (Appendix C). Seasonal Mann Kendall tests were
used to determine if trends were significant for any of the constituents, which are
summarized in Table 3.1 below.

Periods of recorded data for tributaries have varied with some only a short duration. The
longest records are for Pine Lake and Issaquah creeks. Issaquah Creek SRP, nitrate+nitrite-
N and TN significantly decreased, and conductivity weakly increased from 1972 to 2011.
Conductivity increased slightly and SRP and TSS decreased significantly, while TN
decreased slightly in Pine Lake Creek from 1987 to 2011. Significant increases in TN and
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conductivity, and decreased TSS were observed during 1996 to 2008 in Ebright Creek.
Nitrate+nitrite-N, TN and conductivity significantly increased in Eden Creek, with a slight
increase in SRP from 1987 to 2008. Nitrate+nitrite-N, SRP and TN significantly decreased in
Idylwood Creek, while conductivity increased significantly from 1995 to 2008. During the
same period, nitrate+nitrite-N, TN and TSS decreased significantly in Lewis Creek, while
conductivity weakly increased. Finally, TP increased significantly while nitrate+nitrite-N
weakly decreased in Tibbetts Creek.

In general, SRP concentrations have decreased in the Sammamish tributaries while there
has been no significant change in TP (Section 3.5.1). Brett et al. (2005b) determined TP
daily and SRP weekly in Seattle urban streams and found that SRP follows a smooth
seasonal cycle with the higher concentrations occurring during low flow periods when
ground water dominated stream flows. However, TP concentrations were highly variable
and influenced by short-term flow fluctuations. Issaquah Creek was the exception showing
very little annual variation in SRP; both TP and SRP were higher in the fall than would be
expected, perhaps due to salmon spawning.
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Table 3.1 Summary water quality parameter trend analysis, means and number of samples (n)
for Lake Sammamish tributaries.
Site Parameter routine monthly samples*
Tau P Mean n
Pine Lake Creek SRP (ug L™ -0.34 <0.01 44.4 222
AB80 TP (ugL™) -0.10 0.19 88.6 222
1987 - 2011 Nitrite + Nitrate Nitrogen (ug L) -0.17 0.12 376.3 222
TN (ug L™ -0.13 0.10 754.3 222
TP:TN -0.31 0.01 0.5 167
TSS (mg L™ -0.22 <0.01 7.0 222
Conductivity (umhos cm™) 0.15 0.08 135.1 220
Ebright Creek SRP (ug L™ -0.16 0.19 324 151
AB85 TP (ugL™) 0.03 0.75 58.9 151
1996 - 2008 Nitrite + Nitrate Nitrogen (ug L) 0.07 0.41 1313.9 151
TN (ug L™ 0.20 0.03 1505.9 151
TP:TN -0.17 0.18 0.6 152
TSS (mg L") -0.16 <0.01 7.1 151
Conductivity (umhos cm™) 0.49 <0.01 137.6 151
Eden Creek SRP (ug L™ 0.22 0.06 20.7 161
AB90 TP (ug L™ 0.14 0.20 43.0 162
1987 - 2008 Nitrite + Nitrate Nitrogen (ug L) 0.24 0.02 1961.7 161
TN (ug L™ 0.35 <0.01 2069.5 162
TP:TN 0.04 0.69 0.54 164
TSS (mgL™) -0.08 0.30 11.2 162
Conductivity (umhos cm™) 0.52 <0.01 119.5 162
Issaquah Creek SRP (ug L™ -0.35 <0.01 15.2 394
0631 TP (ug L™ -0.04 0.45 41.8 398
1972 - 2011 Nitrite + Nitrate Nitrogen (ug L) -0.34 <0.01 923.3 395
TN (ug L™ -0.47 <0.01 1075.3 242
TP:TN™ 0.23 . 168 / 403
TSS (mg L™ <0.01 0.93 12.8 397
Conductivity (umhos cm™) 0.10 0.07 111.1 396
Lewis Creek SRP (ug L™ 0.03 0.76 38.4 167
AB17 TP (ugL™) 0.04 0.63 168.0 168
1995 - 2008 Nitrite + Nitrate Nitrogen (ug L'1) -0.33 0.01 877.2 167
TN (ug L™ -0.25 0.01 1095.0 167
TP:TN -0.07 0.26 0.54 168
TSS (mg L") -0.14 0.02 19.8 167
Conductivity (umhos cm™) 0.17 0.05 156.0 168
Idylwood Creek SRP (ug L™ -0.25 0.02 222 159
AB20 TP (ug L™ 0.10 0.25 57.3 159
1995 - 2008 Nitrite + Nitrate Nitrogen (ug L) -0.36 <0.01 581.2 159
TN (ug L™ -0.24 0.02 808.6 159
TP:TN 0.3 <0.01 0.3 159
TSS (mg L™ -0.14 0.05 17.7 158
Conductivity (umhos cm™) 0.18 0.03 212.2 159
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Table 3.1 (Continued)

Tibbetts Creek SRP (ug L™ 0.09 0.40 16.8 139
X630 TP (ugL™) 0.25 <0.01 61.4 140
1997-2008 Nitrite + Nitrate Nitrogen (ug L) -0.19 0.06 1092.2 139
TN (ug L™ -0.08 0.22 1407.3 138
TP:TN -0.15 0.18 0.4 140
TSS (mg L™ 0.01 0.84 12.8 140
Conductivity (umhos cm™) 0.05 0.51 219.5 140

* Regular monthly samples; storm samples included when no routine samples taken
**period of record: 1995 - 2008 / Period of record: 1980 / 2013

Very strong statistical significance (p < 0.01) Decre?rselzg
Strong statistical significance (0.01 < p < 0.05) Incre?rs;:g

Weak statistical significance (0.05 < p < 0.10)
No statistical significance (p > 0.10)

3.1.4 Tributary Phosphorus Loading

Since the 1970s there have been several studies to determine TP loading for Issaquah
Creek. Rock (1974) demonstrated the effect of various numerical methods and sampling
frequencies on estimating annual loads. In an effort to improve the accuracy of loading
estimates there have been several daily sampling efforts to aid in this effort (Rock, 1974,
Birch, 1976, Butkus, 1987, and Brett et al., 2005b). Other historical daily observations
compiled along with historical USGS flow measurements of Issaquah Creek daily flow rates
were compiled to estimate TP loading from the creek (DeGasperi, 2004). In addition,
tributary load estimates were part of the inputs for the Lake Sammamish CE-QUAL_ICM
water quality modeling effort (King County, 2008). Table 3.2 summarizes these TP loading
estimates. Estimated TP loads - both measured and modeled, with the exception of the
August 2000 to August 2001 study - range from 7,126 to 8,617 kg TP /year. Note that
Brett et al. (2005b) study was conducted during a particularly dry year as noted by the
relatively low annual average flow rate.

Table 3.2 Summary of Historical Annual TP Loading Estimates for Issaquah Creek.

TP Load Annual Mean TP Annual Mean Flow
kglyr ug/L cfs

Water Year 1973 Rock (1974) 7,126 65 103

Jun 74 — Jun 75 Birch (1976) 7177 57 141

Apr 86 — Mar 87 Butkus (1987) 8,617 45 116

Aug 00 — Aug 01 Brett et.al. (2005b) | 2,699 39 72

Calendar Year DeGasperi (2004) 8,308' 44 134

1995 — 2002

1. Un-biased regression model loading estimates.

The loading of TP from Issaquah Creek, which is 70 percent of the input to the lake, has
apparently not changed since the 1970s based on loading estimates — both measured and
modeled - and are directly influenced, as would be expected, by flows (Table 3.2).

E.B. Welch and D. Bouchard 38 December 2014



Lake Sammamish Water Quality Response to Land Use Change

Ellison and Brett (2006) found in a study of 16 streams of various land-use types in the
region that the dominant P fraction during storm events was particulate forms (TP). Total
dissolved phosphorus was the dominant fraction during baseflows - with the exception of
agricultural (dairy) catchments where particulate P was highest in baseflows. They found
that particulate phosphorus and total phosphorus increased during storm events in all
stream types (forested, urban, agricultural dairy farms and mixed land cover) by 614 and
200 percent respectively. However, they also found that on average only 20 percent of the
particulate phosphorus transported during storm events was biologically available.

3.1.5 Residence Time and TP Load

The inflow rate of Issaquah Creek, plus other sources of minor streams, ground water and
precipitation directly on the lake surface, determine the lake’s water residence time.
Issaquah Creek represents 70 percent of the total annual inflow to the lake, so for example,
in the 1964-1976 time period; mean total lake inflow rate was 217 cfs (6.2 m3/s) or 196 x
106 m3/year. Water residence time during that period was about 1.79 years (350 x10¢ m3
lake /196 x10° m3). During the past three decades total average inflow was 177 cfs

(5.1 m3/s), and residence time averaged about 2.17 years, or 21 percent longer.

Water residence time is an important determinant of lake TP concentration. The simplest
and well verified equation for lake TP is:

TP = TPi/ (1+V1)

Where t is water residence time, TP;is annual average, flow weighted inflow
concentration and TP;is annual average, volume-weighted concentration in the lake
(Welch and Jacoby, 2004).

This simple model did not fit the Lake Sammamish data well during the 1994 modeling
exercise. Therefore, the model was adjusted to the annual inflow TP concentration of

80 pg/L, based on loading determined in 1985 (King County, 1995), a lake concentration of
26 pg/Lin 1971-1975 and a residence time of 1.79 years during that period. That
produced an exponent of 1.25 (t125). Increasing the residence time to 2.17 years, with the
same inflow concentration, gave a lake concentration of 22 pg/L. Thus, a lower inflow
volume and subsequent slightly longer residence time could theoretically result in a
greater sedimentation of TP. Low flow years would reduce the annual load to the lake as
well as potentially increase the sedimentation rate.

3.2 Temperature

Annual average temperatures in Lake Sammamish have varied from year to year
depending on changes in weather, especially regional air temperature. Temperature varied
similarly from year-to-year in both Lake Sammamish and Lake Washington where annual
averages have trended toward higher values (Figure 3.4) — approximately 0.25°C (0.45°F)
per decade (King County, 2013). The lack of statistical significance in the trend is primarily
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due to the large inter-annual variability in average lake temperature and the length of the
record available. Temperature data for Lake Washington from 1963 to 2012, provided by
the University of Washington, indicates a similar long-term increase in annual average lake
temperature, which is statistically significant. Temperatures in Lake Sammamish were
lower in the winter and higher in summer, indicating more susceptibility to regional air
temperature than Lake Washington, probably due to the volume differences (Figure 3.4).

Water temperature of these two large lakes is affected by regional climate, which in turn is
influenced by global climate variability and change. Studies of long-term temperature
changes of large lakes throughout the world have detected the influence of human-caused
warming of the atmosphere superimposed on regional scale variability. As mentioned
above, climate variability in this region is strongly influenced by variation in Pacific Ocean
circulation.

Some of the observed long-term variability in warming of Lake Washington and Lake
Sammamish is likely due to PDO, which shifted from a cool to a warm phase in 1976-1977
and may be returning to a cool phase (King County, 2014). Research has also shown that
the effect of climate variability and change is not limited to lake temperature, but includes
ecological changes that result from shifts in the timing of the onset of lake thermal
stratification. The processes that lead to warmer lake water generally also lead to earlier
thermal stratification in these lakes.

Temperature profile data, collected in Lake Sammamish since the early 1990s, were used to
calculate the timing of thermal stratification onset from the Schmidt’s stability index
(Hutchinson, 1957; Idso, 1973). Earlier data were not collected at enough depths and were
not of sufficient quality to be used in the calculation. The onset date of stratification over
the past two decades is not statistically significant given random variation (p= 0.14);
Figure 3.5). Also, there were no trends in length of stratification over that time period, as
shown in Figure 3.5. Lake Washington has a longer and more consistent dataset beginning
in the 1960s and has shown statistically significant long-term increases in annual lake
temperatures of approximately 0.14°C per decade (0.26°F per decade) (King County, 2014)
and a shift to an earlier onset of stratification (Winder and Schindler, 2004). There is a
significant amount of synchrony in regional lake temperatures, so it is reasonable to
assume that Lake Sammamish has experienced similar warming and shift in the timing of
the onset of stratification as Lake Washington since the 1960s. However, neither lake has
continued to warm significantly since 1993, likely due at least in part to a shift to a wet
wet/cool phase of the PDO. The lack of warming trend since 1993 explains why there are
no significant trends in the onset or duration of stratification in either lake over this time
period.
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Figure 3.4 Volume-weighted temperatures in Lake Sammamish and Lake Washington during

January and August.

Except for limited diffusion, significant transport of P from the hypolimnion to the
epilimnion usually does not occur until the thermocline mixes down in the fall, well past
the main growing season (King County, 1995). Also, the Issaquah Creek inflow, being colder
than the epilimnion, usually disperses through the lake’s metalimnion, and its contained
nutrients are unavailable to phytoplankton in the surface waters.
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Figure 3.5 Onset, durataion, end date, and maximum stability of thermal stratification in Lake
Sammamish from 1993 through 2012.

3.3 Alkalinity, pH, and Conductivity

Lake Sammamish is of relatively low ionic strength and has limited buffering to pH
changes, as are most other western Washington lakes. Total alkalinity, also known as acid
neutralizing capacity, in low calcium water is due mostly to bicarbonate. Concentration of
dissolved ions in natural waters is due to weathering of watershed soil and bedrock. The
dissolution of base chemicals from rocks, such as calcium, is part of the weathering process.

Annual mean, whole-lake alkalinity ranged from 32.5 to 42.5 mg/L expressed as CaCOs3,
over the past 30 years (Figure 3.6). While alkalinity ranged from 26 to 42 mg/L during the
early 1970s, the annual average was 33.3 mg/L (Welch, 1977). Only two values have been
as low as the 1970s average (1982 and 1983; Figure 3.6). There has been a net increase of
about 10 mg/L over this period. The year-to-year variation probably reflects shifts in the
relative amount of stormwater runoff and base flow in the watershed as a result of
differences in the intensity and frequency of precipitation events (Figure 3.1).
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Annual Mean Whole Lake Alkalinity

Figure 3.6 Annual mean whole-lake alkalinity (as CaCO3) at 0612 from 1981 through 2011.
(Means +/- 1 SD). P <0.01. Note:1980, 1981, 1984 and 1989 not included due to
insufficient data.

The significantly increasing trend in total alkalinity may be due to the continued land
disturbance due to development. That was suggested to have caused total alkalinity in Lake
Washington to increase from about 27 mg/L in 1956 to 40 mg/L by the early 1990s
(Edmondson, 1994; King County, 2003). Also, greater dissolution of calcium and
magnesium (weathering) may occur from increasing amount of pavement once
development is in place, as opposed to undisturbed /unpaved land and contribute to
greater alkalinity. Weathering is enhanced by the acidity of precipitation, which has a pH of
around 5 locally (Tim Larson, pers. com., April 7, 2014.).

Contrary to the trend shown by alkalinity data, pH in the epilimnion and metalimnion
showed no trend, while there was a significant decreasing trend in pH in the hypolimnion
(p<0.05) (Figure 3.7). While equilibrium pH increases with alkalinity over a wide range, the
increase of alkalinity by 10 mg/L is not enough to show a substantial correlated difference
in pH, especially given the day-to-day and diurnal variability caused by photosynthesis and
respiration. A difference of 10 mg/L alkalinity would be equivalent to a pH difference of
only 0.1 pH units.

The effects of photosynthesis and respiration are shown by consistently higher pH levels in
the epilimnion due to photosynthesis (CO2 removal) versus consistently lower levels in the
hypolimnion due to respiration (COz addition) without photosynthesis. The decreasing
trend in the hypolimnion could indicate an increasing predominance of respiration over
photosynthesis. Intermediate pH levels in the metalimnion reflect a combination of other
processes along with the variation in mixing conditions.

Conductivity is a measure of the total dissolved solids content in water. The major ions,
which largely produce conductivity, tend to be conservative. That is, they are not lost as
water moves through the lake processes, unlike non-conservative substances that are
subject to removal processes; e.g., phosphorus uptake by phytoplankton. Thus, conductivity
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may tend to be higher during years of low rainfall and runoff, and diluted during high
runoff years.
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Figure 3.7 Average annual epilimnetic (0 — 10 m), metalimnetic (10 — 15 m), and hypolimnetic
(>15 m) pH at 0612 from 1982-2011. Note: 1980 and 1981 not included due to
insufficient data.

Conductivity has significantly increased over the past 30 years (p<0.01)(Figure 3.8). The
increase was about 23 percent, compared to the alkalinity increase over the same period of
about 16 percent. The increase in conductivity is probably a reflection of increased
development in the watershed, as was suggested for alkalinity. Impervious area in the
watershed increased dramatically between 1992 and 2011 (Figure 1.3) with only 8 percent
of the total watershed categorized as impervious in 1992, compared to 12 percent in 2011.

130
p<0.01

€ 120

S~

8110 I‘ | I

-g | I+$ ¢ ¢,_

:100 + || |

z 1 .

k= |

>90 1

Y ?

S 80 1o

S | I

S

8 70

60 r T 1 1T T T 1T T 71T T 1T T 1T 1T T T T T T T T T T T T T T T T
AN N <N ONDOODO AT AN NN ONODDDO d AN NMT WL ONO O -
00 00 00 00 00 0 0 00 OO OV OO OO OO OO OO OO OO OO O O O O O O O O O O «i
[e) I« Ie)Ie) B e) B e) Iie) e I e) B o) B e) o) B e) B e) B o) BN o) B o) Be) oo lie oo oo oo o o ol
Y e e A AN AN AN AN AN AN AN ANANANANAN
@ Annual Mean Whole Lake Conductivity

Figure 3.8 Annual mean whole-lake conductivity (umhos/cm) at 0612 from 1982 through 2011.
(Means +/- 1 SD). Note: 1980 and 1981 not included due to insufficient data.
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3.4 Trophic State Indicators

The common indicators used to determine trophic state in lakes are summer means for TP,
chl g, and Secchi disc transparency. The accepted boundary levels for these indicators
between oligotrophy and mesotrophy are 10 pg/L, 3 ug /L and 4 m for TP, chl a and
transparency, respectively. Between mesotrophy and eutrophy the levels are: 30 ug /L TP,
9 pg /L chl g, and 2 m transparency (Niirenberg, 1996). These trophic state indicator levels
also represent a gradient of lake water quality that relate to the value of a lake for
recreation and aquatic life.

3.4.1 Phosphorus

Phosphorus is the primary nutrient of concern in Lake Sammamish, as well as most other
lakes, and, as such, has been the focus of study for many years (Section 1.3.1). Annual,
whole-lake, volume-weighted TP (v-w TP) concentration represents the mass of TP in the
lake and takes into account its unequal distribution, mainly due to summer thermal
stratification that leads to DO depletion and P accumulation in the hypolimnion from
bottom sediment. Distribution is usually uniform in winter due to complete mixing. The
hypolimnetic period runs from the onset of stratification in May until lake turnover in early
November. Annual whole-lake v-w TP, summer hypolimnetic v-w TP (June-turnover),
summer epilimnetic v-w TP, and winter whole-lake v-w TP are shown in Figures 3.10, 3.11,
3.12, and 3.13.
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Figure 3.9 Mean annual whole lake volume-weighted total phosphorus (TP) at 0612, 1964—2011,
compared with lake management goal of 22 pg/L and projected full build-out (King
County, 1995). Arrow indicates wastewater diversion in 1968.
Note: summer data only in 1981 so not included. Data for 1964-1966 from METRO;
1970-1975 from UW-Dept. of Civil Engineering; 1979-1981 from METRO/King County
(King County 1995), 1981-2011 from King County. TSP (total soluble P) data from
1964-1966 corrected upward to TP by TP/TSP ratio of 1.2.
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0 Summer Hypolimnetic TP
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Figure 3.10

Volume-weighted mean summer hypolimnetic (June — turnover) total phosphorus (TP)
at 0612, 1964—-2011. Arrow indicates wastewater diversion in 1968.

Note: data for 1964—-1966 from METRO; 1970-1975 from UW-Dept. of Civil
Engineering; 1979-1981 from METRO/King County (King County 1995), 1981-2011
from King County. TSP (total soluble P) data from 1964—1966 corrected upward to TP
by TP/TSP ratio of 1.2.
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Figure 3.11 Mean summer (June — September) epilimnetic total phosphorus (TP) concentrations

at Station 0612, 1964—-2011. Arrow indicates wastewater diversion in 1968.

Note: data for 1964-1966 from METRO; 1970-1975 from UW-Dept. of Civil
Engineering; 1979-1981 from METRO/King County (King County 1995), 1981-2011
from King County. TSP (total soluble P) data from 1964—1966 corrected upward to TP
by TP/TSP ratio of 1.2.
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Winter Whole Lake TP
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Figure 3.12 Volume-weighted whole lake winter total phosphorus (TP) at 0612, 1964-2011.
Note: summer data only in 1981 so not included. Data for 1964—-1966 from METRO;
1970-1975 from UW-Dept. of Civil Engineering; 1979-1981 from METRO/King County
(King County 1995), 1981-2011 from King County. TSP (total soluble P) data from
1964-1966 corrected upward to TP by TP/TSP ratio of 1.2.

3.4.1.1 TP Response to Diversion

As mentioned earlier, Lake Sammamish annual v-w TP did not respond to wastewater
diversion as quickly as expected based on the Lake Washington experience (Section
1.3.2.2). This is illustrated by mean annual whole-lake TP concentrations, which averaged
32 pg/L before versus 26 ng/L during the first four years after diversion (Figure 3.9).
However, whole-lake TP had begun to decline by 1975, reaching an apparent equilibrium
of less than 20 pg/L through 1986.

Hypolimnetic TP, on the other hand, has shown a progressive and significant trend
downward since wastewater diversion (p<0.01) and since 1981 (p<0.05), decreasing by
about two-thirds since 1964-1966 (Figure 3.10; Table 3.3). That decrease is due to a
gradual, long-term decline in sediment P release rate — 77 percent since before and 61
percent since the 1970s (Table 3.4). If a high rate in 2006 were omitted from the most
recent 7 years, the resulting mean is 1.87 mg/m? per day, an 80 percent decrease and 70
percent decrease since before and after diversion. Gradually declining sediment P release
following wastewater diversion has been observed in other lakes and may be due in part to
burial of the high P sediment. Given the sedimentation rate determined in the mid-1970s of
0.32 cm/year (Birch, 1976), almost 14 cm of sediment would have accumulated since
wastewater diversion in 1968.

Perkins (King County, 1995) estimated that a significant percentage of the entire TP
loading to the lake (about half the total annual load) occurs in a few weeks of high flow, but
not necessarily during flood events, based on data from the 1970s and 1980s (King County,
1995). However, annual and winter lake TPs have not increased significantly since the
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1980s. Winter TP did appear to be increasing in the late 1980s and early 1990s, but by the
late 1990s had declined again, resulting in no significant trend overall (Figure 3.12).

Summer epilimnetic TP content does not show a clear pattern of recovery from an enriched
condition (Figure 3.11). Summer epilimnetic TP is usually the determining nutrient for the
amount of algae during the growing season, and in turn, water clarity or transparency. Pre-
diversion epilimnetic TP content was in the range of 5-15 pg/L, which was similar to post-
diversion years from the late 1970s onward, probably due to spring bloom of
phytoplankton removing phosphorus from the water column during April-June. Moreover,
50 percent of the immediate post-diversion observations from 1970-1975 were well above
15 pg/L, higher than pre-diversion years. Some of the differences between pre- and post-
diversion epilimnetic TP data may be due to different methods of analysis discussed earlier
(Section 2.5.3).

Table 3.3 Interval mean (£SD) TP in pg/L in different time periods and portions of the lake. All
values volume-weighted. Pre-1981 data from King County (1995). Wastewater was
diverted in 1968.

Annual Summer Summer Winter
Whole lake Epilimnion Hypolimnion Whole lake
(Jun-Sept) (June-turnover) (Dec-Mar)
1964-1966 31.6+6.8 13.3+2.1" 58.3+13.6 26.4+0.3
1970-1975° 26.4+4.9 186+7.5 37.5+13.7 296 +2.3°
1981-1986 16.7 £ 1.7 11.3+£0.9 26.9+6.5 19.5+1.3
1987-1992 191126 116124 30.2+145 26.1+2.8
1993-1998 195+ 3.4 13.4+4.2 250+7.2 246+5.9
1999-2004 17114 11.2+25 241+29 22.8+3.3
2005-2011 179+22 115+14 194 +5.1 229+28

1. 1964 notincluded - no June data available.

2. 1970 data set not complete. Only summer data available.

3. 1975 notincluded in Dec-Mar calculation as no data were collected in 1976.

Summer epilimnetic TP has also shown no real trend since 1981 (Figure 3.11). Although
variable, ranging from 7.6 to 20.1 pg/L, the long-term mean has remained at about 12 pg/L
subsequent to the 1970s when the mean was considerably higher with maximums of 25-

30 pg/L (Table 3.3; Figure 3.11).

Some of the year-to-year variability in sediment P release (+50-75percent) might be
related to sparse data that missed the onset of anoxia at the sediment-water interface
(Table 3.4). Choice of time interval and hypolimnetic volume can also lead to differences in
calculated rates. A consistent start time in August (with the exception of 1966 and 1995),
continuing to turnover, and data from 15 m to the lake bottom, were used to calculate the
reported rates. The start times differ slightly from those by King County (1995), but the
trend is similar. Nevertheless, hypolimnetic buildup is a reliable method to determine
sediment P release (Niirnberg, 1987). Rates determined by both hypolimnetic buildup at
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20-27 m and from in vitro cores (8 experiments) in 1974 showed close agreement with
average rates of 5 and 3.4 mg/m? per day, respectively (Welch, 1977). Those rates are
considerably less than calculated here for 1974 (7.5 mg/m?2 per day). Nevertheless, rates
have gradually declined since the mid-1970s, indicating a slow but steady recovery from
legacy sediment P.

Table 3.4 Interval mean (¥SD) sediment P release rates in mg/m2 per day for the time periods
shown. Wastewater diversion was in 1968.

Time Interval Sediment P release rates +SD
1964-1965 10.65+6.3

1971-1975 6.26+ 2.6

1981-1986 46826

1987-1992 43037

1993-1998 240+2.0

1999-2004 3.90+1.6

2005-2011 245+1.7

3.4.1.2 TP Response to Development

Annual whole-lake v-w TP ranged from 13.4 to 23.5 during 1982 to 2011 (Figure 3.9). A
goal of 22 pg/L was set in 1994 to protect the quality of Lake Sammamish, and so far that
goal has been exceeded only once, in 1996. In the longer term, annual v-w TP has shown a
decline since 1964 but no trend subsequent to 1982 (Figure 3.9). Lumping the data in
groups of roughly six-year intervals to reduce year-to-year variability shows slightly higher
means in the 1990s during the period of rapid development, but overall the six-year means
ranged between 16.7 and 19.5 pug/L and are not significantly different since the 1980s
(Table 3.3, Figure 3.13).

1964-1966

1971-1975

Annual Whole lake
1981-1986

1987-1992 Summer Epi (Jun-Sept)

1993-1998 B Summer Hypolimnion (June -

1999-2004 turnover)

2005-2011

| |{

o

20 40 60
Total Phosphorus (ug/L)

Figure 3.13 Interval mean whole lake, summer hypolimnion (June — turnover), and summer
epilimnion (June — September) total phosphorus (TP). All values volume-weighted.
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Annual mean TP has been affected by the magnitude of hypolimnetic TP. Highs and lows in
the six-year TP means and in individual years show rather close association with
hypolimnetic TP (Table 3.3; Figure 3.13). That association is not surprising, because
maximum hypolimnetic TP had reached over 300 pg/L before wastewater diversion,

100 pg/L in the 1970s after diversion, but much less since then. In fact, there is a strong
relationship between annual and hypolimnetic TP (Figure 3.14). Also, the decrease in
hypolimnetic TP of 18.1 pg/L since the 1970s amounts to 1,774 kg overall less TP from
internal loading. That represents 64 percent of the 8.5 pg/L (2,780 kg) decrease in annual
whole-lake TP since the 1970s (Table 3.3). Had hypolimnetic TP not decreased, annual
whole-lake concentration would have been closer to 23 instead of 17.9 pg/L.

Summer epilimnetic TP has shown less effect from the high hypolimnetic TPs because the
thermocline minimizes transfer. In contrast, the high TP hypolimnetic water is mixed
throughout the lake at turnover and, thus, has a large effect on the annual TP, in particular,
winter concentrations as the high post-turnover concentrations tend to linger in the water
column before being taken up by phytoplankton in early spring. However, unlike summer
hypolimnetic TP, winter whole-lake TP has not declined significantly since the 1970s
(Figures 3.11 and 3.13).

Periodic high winter TP inputs from storm events may have been offset by the decreased
internal loading, although Tibbetts Creek is the only tributary to Lake Sammamish to show
a significant increase in TP concentrations between 1997 through 2008 (Table 3.1).
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Figure 3.14 Relation between volume-weighted mean summer (June — turnover) hypoliminon total
phosphorus (TP) (x) and mean annual total phosphorus (TP), 1964—-2011.

Soluble reactive P has shown a significant decrease in the annual whole-lake volume-
weighted means and summer hypolimnion (June-turnover) means while summer
epilimnetic means have not changed significantly (Figure 3.15). Since soluble P is released
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from sediment (Table 3.4), the decrease in hypolimnetic SRP is consistent with decreased
sediment release rate. The less pronounced decreasing tendency in epilimnetic SRP is
understandable because the strong stratification during summer minimizes the transfer of
SRP from high hypolimnetic concentrations to the epilimnion. Also, SRP is quickly utilized
by phytoplankton and tends to remain at a normally low, growth-limiting level.
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Figure 3.15 Mean volume-weighted annual whole-lake, summer (June — turnover) epilimnetic, and
hypolimnetic soluble reactive phosphorus (SRP) concentrations at 0612, 1982—-2011.

SRP concentrations have decreased in the Issaquah, Pine Lake, and Idylwood creeks while
TP had not changed significantly (Section 3.2.3). In a regional study of 16 streams, SRP had
declined significantly in many streams within the urbanizing region of the county (Ellison
and Brett, 2006). That was most likely due to connecting former septic systems to the
regional wastewater system with discharge to Puget Sound, conversion of agricultural
(dairy farms) to low density single family residential and regrowth of landscape and forest
vegetation. During both storm and baseflow events, TP and total dissolved P concentrations
were highest in the agricultural streams due to the leaching of dissolved P from the
catchments soil, which may have accumulated manure P from dairy operations. The
fluctuation in TP in the tributaries was determined by baseflow dissolved P, which was the
portion that contributed most of the TP during baseflow.

3.4.2 Nitrogen

Total nitrogen ranged from around 300 to 600 pg/L during the past 20 years (Figure 3.16).
Annual, whole-lake TN approximated the average of summer hypolimnetic concentrations
and all three varied proportionately. Epilimnetic TN was lower than whole-lake due to
settling of particulate N through the stable water column in summer. There was a
downward trend in TN regardless of the lake fraction or season, though the trend was only
weakly significant.
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Comparison of TN with TP earlier than 1993 is not possible because TN was not
determined. A large fraction of TN is nitrate+nitrite-nitrogen, which has not changed
significantly since 1993 (Figure 3.17). Thus, increased retention of runoff TN is not likely to
be as effective as for TP, which usually has a larger particulate fraction. However, like TP,
TN is not conservative while conductivity and alkalinity are conservative, which have no in-
lake loss.
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Figure 3.16 Mean volume-weighted total N in the whole lake annually, and the summer (June to
turnover) in the epilimnion and hypolimnion at 0612, 1993-2011.
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Figure 3.17 Mean volume-weighted nitrate+nitrite nitrogen in the whole lake annually, and the
summer (June to turnover) in the epilimnion and hypolimnion at 0612, 1985-2011.

The ratio of TN: TP and DIN:SRP has been well above the Redfield ratio, which is considered
to be the ratio at which algae take up and assimilate these nutrients (Figures 3.18 and
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3.19). Thus, nitrogen is in excess and if growth were limited by nutrients, phosphorus
would disappear first and limit growth. For this and other reasons, management of lake
quality has been focused on phosphorus.

There was no consistent trend in the TN:TP ratios, despite lower TN concentrations and
rather stable TPs in recent years. Ratios were slightly higher in the late 1990s in the
epilimnion when TNs were high and TPs low during some of those years (Figures 3.18 and
3.19). In spite of the variability, there was a significant decrease in the summer epilimnetic
DIN:SRP ratio (p<0.05).
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Figure 3.18 Annual and summer (June — September) volume-weighted epiliminion ratios for
TN:TP, compared with the Redfield ratio of 7.2 (by weight) at 0612, 1994-2011.
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Figure 3.19 Annual and summer (June — September) volume-weighted epiliminion ratios for
DIN:SRP at 0612, 1994-2011.

E.B. Welch and D. Bouchard 53 December 2014



Lake Sammamish Water Quality Response to Land Use Change

3.4.3 Transparency and Chlorophyll a (chl a)

Overall, chl a and transparency, as with whole-lake TP, showed a delayed recovery
following diversion of wastewater. Trophic state, as indicated by summer mean epilimnetic
chl a and transparency, increased only slightly from before diversion (4.5 pg/L, 3.2 m) to
after diversion during the early 1970s (4.3 ug/L, 3.6 m). Further recovery occurred
subsequently with the lower epilimnetic TP in the early 1980s (Figure 3.11), associated
with higher transparency and lower chl a (Figure 3.21).

Though variable, transparency has, in some years, been up to 2 m greater than prior to
wastewater diversion (Table 3.5, Figure 3.20). The range in summer transparency since
1994 was 4.1 - 6.8 meters. Although there has been no significant trend since 1980

(p > 0.1), transparency has averaged over 5 m since 1999 (Table 3.5) and the 4.0 m goal has
been reached every year since the inception of the Lake Management Plan, except for 1999
when the mean summer transparency was 3.9 m (Figure 3.20). That goal is also the
boundary between mesotrophy and oligotrophy (Niirnberg, 1996). Thus, the lake’s trophic
state has been oligotrophic for the past 30 years, based on transparency (Table 3.5). This is
consistent with summer epilimnetic TP, which also has changed little since the 1980s
(Figure 3.11).

From 1985 through 1994 mean summer chl a remained below the 1994 management goal
of 2.8 ug/L (Table 3.5, Figure 3.21). However, since 1995 chl a has exceeded that goal more
often than not. Nevertheless, there has not been a significant change in chl a since the
1960s (p>0.1). Based on chl g, trophic state has remained slightly above the mesotrophic
threshold of 3.0 ug/L since 1994.

Table 3.5 Interval mean (¥SD) summer transparency (meters) and epilimnetic chl a (ug/L) in
different time periods. Pre-1995 data from King County (1995). Wastewater was
diverted in 1968.

Transparency (m) Chlorophyll a (ug/L)
1964-1966 32+04 4527
1971-1975 3.8+15 36+04
1981-1986 49+0.8 3.2+ 0.3
1987-1992 48+0.9 1.9+0.2
1993-1998 46+0.9 3.7+0.3
1999-2004 53+09 3.3+£0.9
2005-2011 52+0.5 3.6 £ 0.31
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Figure 3.20 Annual summer (June — September) Secchi transparency at 0612, 1964-2011,
compared with the lake management goal of 4.0 meters.
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Figure 3.21 Annual summer epilimnetic (June — September) chlorophyll a at 0612, 1964-2011,
compared with the lake management goal of 2.8 meters.

Transparency was 1.1 m less than expected with the observed chl a and TP over the past 40
years based on relationships from Carlson (1977) (Figure 3.22). Since the late 1990s,
transparency has exceeded what would be expected from the Carlson relationship based on
chl a by up to 2 meters (Figure 3.22). In contrast, chl a and transparency in Lake
Washington more dramatically followed the Carlson relationship during pre- and post-
diversion (Figure 3.22).
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The changes in plankton populations in Lake Washington were complicated. The most
pronounced shift in transparency occurred as a result of a restructuring of the plankton
community as a result of the decrease in P; with the decrease in available P, conditions
were no longer ideal for Oscillatoria, which diminished entirely in 1976 (Edmondson
1991). This decline in Oscillatoria coincided with an increase in the filter feeding planktonic
crustacean Daphnia, which can quickly reduce algae abundance, thus increasing water
transparency. In addition, there was a reduction in the population of Neomysis mercedis, a
planktonic crustacean that was shown to have a strong feeding preference for Daphnia.
Nevertheless, the net result was close agreement with the Carlson relationship both before
and after diversion.
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Figure 3.22 Chlorophyll and transparency summer means in compared to a typical Carlson
relationship.

Why transparency was greater than would be expected in Lake Sammamish given the
summer epilimnetic TP and chl a, may be due to a decrease in non-algal turbidity. An
increase in water residence time, which has occurred, would tend to increase transparency.
A change in the plankton community structure can also affect transparency. A shift from
unicellular algae to colonial algae such as cyanobacteria can change the scattering of light.
Colonial cyanobacteria tend to fuse together and thus yield a relatively higher transparency
per unit chl a. Although chl a changed little in the early years following diversion, the
cyanobacteria fraction had decreased by 46 percent during 1970-1975 after diversion
(Welch, 1977). Chrysophytes (mostly diatoms) have always made up most of the
biovolume with peaks in early spring or late fall-sometimes both (Figure 3.23).
Cyanobacteria (blue-green algae) usually occur in largest concentration during mid to late

E.B. Welch and D. Bouchard 56 December 2014



Lake Sammamish Water Quality Response to Land Use Change

summer, which was the case during all years monitored, except for 2010 when the
maximum occurred in the February followed by another bloom in June. The highest
biovolumes of cyanobacteria occurred in September 2012. Nevertheless, there is no
evidence that colonial cyanobacteria have increased in recent years to explain increased
transparencies and such an increase would be unexpected given the consistency in TP.
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Figure 3.23 Biovolume of phytoplankton from 2003 to 2013. Cyanophyta referes blue-green algae

Chrysophyta are mostly diatoms. Other includes chlorophyta and Euglena. Note:
data not recorded for 2008.

Maximum spring-bloom chl g, highly variable year-to-year due largely to local climate
effects on water column mixing and stability, also has shown no trend since the 1960s
(Figure 3.24). What may have changed is the timing of the spring-bloom maximum, which
has shifted earlier (p=0.07), especially since 2000 when all maximums except one occurred
before 100 days (Figure 3.24). Before and including 2000, maximums occurred on or later
than 100 days. That tendency may be related to an earlier onset of stratification as
observed in Lake Washington (Winder and Schindler, 2004), though at this point there is
not a temperature dataset long enough to verify this in Lake Sammamish (Section 3.2).
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Figure 3.24 Maximum spring bloom chlorophyll a and timing of spring bloom maximum
chlorophyll a (March — May) since the 1960s.

3.4.4 Areal Hypolimnetic Oxygen Demand

The hypolimnion in Lake Sammamish routinely goes anoxic during summer stratification.
That is, respiration exceeds the initial supply of DO that exists when stratification seals off
the hypolimnion from contact with the atmosphere. The areal hypolimnetic DO deficit, or
AHOD, is used as an index of trophic state, like TP, chl a, and transparency. The
oligotrophic-mesotrophic boundary has been defined at 0.4 g/m? per day (Niirnberg,
1996). AHOD is the earliest established index of eutrophication (Mortimer, 1941;
Hutchinson, 1957). The areal rate (normalized for depth) allows comparison of lakes with
different hypolimnetic depths. For example, AHOD in Lake Washington is similar in
magnitude (~ 0.5 g/m? per day) to that in Lake Sammamish despite hypolimnetic DO
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concentrations remaining above 2 mg/L in Lake Washington, while in Lake Sammamish DO
is completely depleted in the lower hypolimnion during stratification (King County DNRP,
2003).

3.4.4.1 AHOD Response to Diversion

With less algal organic matter enriching sediments, due to less external P loading, AHODs
should decrease following wastewater diversion. That has been documented in other lakes;
e.g., Lake Washington (Lehman, 1988; King County DNRP 2003), Lake Onondaga, New York
(Matthews and Effler, 2006), and Long Lake Spokane (Patmont, 1987, and recent data)
(Table 3.7). Also, AHOD has been correlated with TP loading and retention (Welch and
Perkins, 1979; Cornett and Rigler, 1979), and chlorophyll (Walker, 1986). Also, AHOD
increased with non-point TP loading to Tenkiller Reservoir, OK. Nevertheless, AHODs in
Lake Sammamish apparently did not decrease following wastewater diversion, as had been
suggested in the early 1980s (Welch et al., 1986). If anything, reanalysis shows that the
rates were slightly higher in the 1970s, just after diversion, but declined to about 0.5 g/m?
per day during the 1980s and early 1990s (Table 3.7). There is some indication that AHOD
was probably much lower in 1913 (0.13-0.26 g/m? per day), based on a comparison of DO
remaining below 15 m on August 13, 1913, versus on August 12, 1964 and 1965, and
AHODs in 1965 (Isaac et al.,, 1966).

Table 3.6 Response of areal hypolimnetic deficit rate (AHOD) to changes in TP input during pre-
and post-diversion of wastewater, except the change in TP input to Lake Tenkiller was
an increase from agricultural nonpoint runoff.

Lake/Reservoir Pre Post-1 Post-2 %A %A TPi
Lake Spokane 2.2-6.3" (1971- | 1.8-2.6" (1978- | 0.73 £ 0.11 66-88 -83'
(WA, reservoir) 1977, n=7) 1985, n=8) (2010-2013,

n=4)
Lake Tenkiller 0.60° (1960) 1.5+0.4° +250 +200°
(OK, reservoir) (1986-2006,
n=13)

Lake Onondaga | 2.12+0.2° 1.08 +0.1" -49" -44°
(NY) (1978-1986, (1997-2002,

n=6) n=6)
Lake Washington | 0.71 +0.1° 0.58 + 0.05° 0.47 +0.09" -34 -75°
(WA) (1957-1969, (1970-1983, (1993-2001,

n=8) n=14) n=9)
Lake Sammamish | 0.50 + 0.2° 0.60 £ 0.15° 0.52 £ 0.10° NS -33°
(WA) (1957, 1964- | (1971-1975, (1981-1994,

1965, n=3) n=4) n=13)

TP; = inflow concentration values are mean + standard deviation for years (n) of observation. Post-1 and Post-2 refer
to two datasets following TP input change.

patmont (1987) — only ranges were given;

*data from Summers (1961);

®Cooke et al. (2011);

*Matthews and Effler (2006);

®in-lake concentration, inflow unavailable, Matthews and Effler (2006);

®Lehman (1988), rate in 1933 was 0.42 g/m? per day, similar to recent recovered rate;
King County (2003);

81ssac et al. (1966), UW (1971-1975) and King County (1981-1994) data;

*Welch et al. (1980).
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AHOD determination is sensitive to several variables. Sparseness of data before diversion
and in the 1970s and the time interval selected for calculating AHOD may be part of the
reason for not detecting a pre- and post-diversion difference. Rates using two separate time
intervals differed by 0.1 g/m2 per day or more. Also, year-to-year variation, even using a
constant time interval, was often on the order of 0.3 g/m? per day. The two pre-diversion
values reported by METRO differ by a factor of two. The range in AHOD in Lake Washington
during the 1990s was also of the same order (King County DNRP, 2003). Some of the year-
to-year variation probably resulted from differences in climatic conditions and how they
affect the time and intensity of stratification. AHOD determination is also sensitive to
temperature and influx of DO from the epilimnion due to mixing, which can vary greatly
from year-to-year. The range in AHODs in Lake Onondaga over a six-year period was 42
percent of the mean (Effler, 1996). This observed variation is greater than the magnitude of
change that could be expected in Lake Sammamish from only a 35 percent reduction in TP
loading. Thus, the failure to detect a reduction in AHOD following wastewater diversion, in
contrast to the other indicators (TP, chl g, transparency and sediment P release rate), is not
surprising.

3.4.4.2 AHOD Response to Development

From 1981 to 2011, AHODs ranged from 0.41 to 0.86, with a mean of 0.56 + 0.11g/m? per
day (Table 3.8). This is only slightly higher than the 1981-1994 mean of 0.52 + 0.10 g/m?
per day. That difference since the 1980s—early-1990s is not significant, given the large
year-to-year variability. Thus, AHOD in Lake Sammamish has not changed appreciably over
the past four decades, despite the diversion of wastewater, in contrast to other lakes. The
reason may be that algal biomass (and hence productivity), which is the source of organic
matter and DO demand, has also changed little since diversion. The decreases in AHODs
following wastewater diversion (or P removal) in other cases were associated with large
decreases in TP algal biomass, such as Long Lake Spokane and Lake Washington

(Table 3.7).
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Table 3.7 Summer (from May through when DO reaches <1 mg/L) mean volume-weighted DO
concentration, (* 1 SD), in the hypolimnion below 15 m, and AHOD, 1981-2011. A
hypolimnetic mean depth of 8.17 m and volume of 98 x 10° m® was used.

Hypolimnetic Mean
Volume-weighted DO AHOD g/m?2
Year End date # days (May —DO 2 1mg/L) SD n= per day
1981 13-Aug 89 6.1 2.3 7 0.581
1982 10-Aug 87 6.5 2.0 7 0.480
1983 9-Aug 90 6.7 1.8 7 0.428
1984 No May orJune data - - - -
1985 24-Jul 75 8.5 2.5 6 0.722
1986 6-Aug 89 7.2 1.8 7 0.412
1987 8-Jul 62 7.6 1.4 5 0.462
1988 17-Aug 104 7.0 2.6 8 0.544
1989 6-Sep 116 7.7 3.3 6 0.589
1990 11-Jul 63 7.7 1.7 4 0.518
1991 7-Aug 82 7.5 1.8 5 0.467
1992 7-Jul 62 5.5 1.4 4 0.442
1993 3-Aug 67 6.3 1.7 4 0.451
1994 6-Jul 63 8.4 2.2 4 0.692
1995 10-Jul 68 7.5 1.9 4 0.476
1996 24-Jul 76 7.5 2.5 6 0.728
1997 6-Aug 89 7.0 2.4 4 0.504
1998 6-Jul 61 6.1 1.9 3 0.510
1999 3-Aug 88 7.4 2.7 6 0.632
2000 8-Aug 96 6.4 2.5 6 0.548
2001 2-Jul 60 7.2 2.2 5 0.747
2002 1-Jul 54 7.6 2.3 5 0.862
2003 22-Jul 76 6.7 2.2 6 0.626
2004 20-Jul 77 6.5 2.0 6 0.538
2005 18-Jul 75 6.1 1.6 6 0.459
2006 24-Aug 111 7.1 2.4 8 0.482
2007 24-Jul 69 6.1 1.5 6 0.486
2008 12-Aug 89 6.8 2.2 7 0.548
2009 13-Aug 91 7.3 2.5 7 0.618
2010 14-Jul 63 6.7 1.9 5 0.599
2011 10-Aug 90 7.5 2.2 6 0.538
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4.0 DISCUSSION

The important question posed by this assessment of long-term data is why mean annual
whole-lake TP concentrations remained stable despite increased development? Based on
predictions in 1994, TP loading was expected to increase to a slightly higher level (by 8
percent) than before wastewater diversion with full build-out and no controls in TP. Even
with TP controls, the annual whole-lake and summer epilimnetic TP was expected to be
around 24 and 17 pug/L, respectively.

The reason for no increase may be multifaceted: (1) decreasing hypolimnetic TP, due to
reduced sediment P recycling as a result of continued recovery from wastewater,

(2) watershed protections recommended in basin planning efforts and the lake
management plan in the mid-1990s to reduce runoff P from land-use change, (3) long-term
reduction in Issaquah Creek flow and increased water retention time, allowing greater
settling loss of TP, and (4) particulate P increases in stormwater runoff were offset by
decreases in SRP inputs in baseflow. These factors may have combined to produce no or
little change in annual lake TP, despite an increase in development. These points will be
discussed further.

4.1 Ongoing Recovery from Wastewater Diversion

Research in the 1970s-1980s recorded the lake’s slow recovery from wastewater diversion
in 1968 (Welch et al,, 1980). Hypolimnetic TP has continued to decrease significantly since
the 1980s, with a weakly significant decline since 1995, reaching the lowest level in the
past seven years (Figure 3.10). Overall the levels are now two thirds what they were pre-
diversion. Hypolimnetic TP markedly affects annual whole-lake TP (Figure 3.14). The
reduction in hypolimnetic TP mass since the 1970s has represented 64 percent of the
decrease in annual, whole-lake TP mass. Without the decrease in hypolimnetic TP, annual
TP would be 23 pg/L instead of 17.9 ug/L. Hypolimnetic TP has decreased because
sediment-P release rate (SRR) has greatly declined since wastewater diversion (61
percent). Also, the decline in hypolimnetic SRP is consistent with reduced SRR as an
explanation for most of the hypolimnetic TP decrease and annual whole-lake TP stability,
since released sediment P is in soluble form.

Declining sediment-P release rate over several decades following wastewater diversion is
not uncommon (Cooke et al., 2005). The P release rate decline may have been even slower
in Lake Sammamish due to the observed efficient settling of TP following fall mixing
resulting from high concentrations of iron, which coagulates and settles out P (Birch, 1976;
King County, 1995).

4.2 Phosphorus and Development

Research in the 1970s-1980s also documented the threat of increasing P in runoff as the
watershed became more developed (Welch et al., 1980). The future effects of increasing
watershed development were assessed in the early 1990s as annual whole-lake total TP
concentration had increased to around 20 pg/L and was predicted to increase further to
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28 pg/L at build-out if no control measures were taken - nearly as high as before
wastewater diversion (32 pg/L; Figure 3.9) (King County, 1995). Fortunately, annual mean
TP has remained stable over the past two decades between 17-19 pg/L, well below the
goal maximum of 22 pg/L set by King County in the mid-1990s, despite the increase in
development and impervious area in the watershed.

Winter TP concentrations have also shown no trend over the past three decades. Winter is
the high rainfall period, so lake TP during that time should have increased due to the
increased runoff expected from more developed area in the watershed (Brett et al., 2005a).
The rather stable TP during winter since the 1970s suggests that (1) the post-fall turnover,
iron-P settling process has mitigated any increase in runoff TP that occurred, which may
represent a resilience of this lake to development, and/or (2) there was no increase in
inflow TP concentration during winter runoff despite a rapid increase of developed land as
a result of stormwater management controls. Either or both of these effects may have been
sufficient to offset increased inputs from external sources of TP.

Watershed protections instituted in the mid-1990s likely have contributed to the stable
annual lake TP concentrations. Those protections involved retaining forest and requiring P
retention from developed land as well as multiple specific short-term actions (Section
1.3.4). Runoff TP would be expected to be even greater now because impervious land cover
has increased dramatically, unless runoff controls were effective. Yet the TP concentrations
in Issaquah Creek, which is 70 percent of the inflows to the lake, have not changed
significantly since 1972 (Table 3.1). Nor has the TP concentration increased significantly in
any of the other tributaries monitored, except Tibbetts Creek. In fact there was a significant
decrease in SRP concentrations in Issaquah, Idylwood, and Pine Lake creeks. Nevertheless,
TP inputs from stormwater pipes, like those monitored in 1976-1977, may be greater than
in natural streams. Runoff TP was much higher from the west-side stormwater conduits in
1976-1977 than in Issaquah Creek, based on intensive monitoring of three relatively large
stormwater inputs, (Welch et al., 1980). Annual average flow-weighted west-side inflow TP
was 109 pg/L compared to 74 pg/L in Issaquah Creek during 1973-1975 (Rock, 1974;
Birch, 1976). There are many storm runoff conduits entering the lake besides natural
streams. Moon (1973) identified 45 inputs and there have been others since then. For
example, stormwater from the Timberline Ridge neighborhood was piped directly to the
lake in the 1990s, after severe stream erosion (Booth and Henshaw, 2000).

Brett et al. (2005a) found that urban streams in the region had on average 95 percent
higher TP and 122 percent higher SRP than most forested streams but that nutrient
concentrations in Seattle regional urban streams were significantly less than previously
reported for agricultural streams. Therefore one would expect an increase in P when
catchments change from forested to urban, but not necessarily when changing from
agricultural to urban. Agricultural land use was 171 hectares in 1994 on the east side and
872 hectares in the Issaquah basin, based on tax records (King County, 1995). By 2003 the
reported animal units (AU) averaged over the entire Issaquah Creek basin were zero
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(Ellison and Brett, 2006)% Reduced agricultural land use in these drainages over the long-
term may have offset the expected TP load from development. Stream TP has decreased
elsewhere (Ontario) as agricultural land has been reduced by urbanization (Raney and
Eimers, 2014).

Also, instituted watershed controls may have reduced TP contributions from developed
land beyond that predicted, which assumed that the ratio of biological available
phosphorus (similar to SRP) to TP would remain constant as reported for Issaquah Creek
(Horner et al., 1987; King County, 1995). The SRP/TP declined significantly in Pine Lake,
[ssaquah, and Idylwood creeks while TP had not changed in any tributary except Tibbetts
Creek (Table 3.1). The SRP/TP ratio in Issaquah Creek has significantly decreased since
1980, although the mean of 0.34 is within the range 0.3 to 0.4 observed in 1987 (Horner
et al,, 1987).

Not so surprising is that annual, whole-lake, alkalinity and conductivity substantially
increased by 15 percent and 23 percent, respectively, over the past three decades, in
response to increased watershed development. Unlike TP these constituents are
conservative, meaning they tend to stay in solution and, unlike TP, a portion is not settled
out and entrained in stormwater ponds or in lake bottom sediment. In-lake conductivity,
which rose by 20 pumhos/cm (23 percent) between 1980 and 2011 (Figure 3.8), and it rose
significantly in the lake while the increase in Issaquah Creek was only weakly significant
(Table 3.1). That indicates the important effect of non-conservative constituents from the
essentially built-out east and west sides, given that fraction of the watershed contributes
only 30 percent of the lake’s inflow.

Conductivity had increased in east and west side creeks during 1995-2008 (Table 3.1,
Figure 4.1). Ebright and Eden creeks show increases greater than 30 percent, and Lewis
and Pine Lake creeks show weak increases of around 10 percent. Idylwood Creek
conductivity increased significantly, but only 8 percent, during this 13-year period, which is
not surprising since most of the development in that basin occurred before 1995

(Figure 1.2). Annual mean conductivity in Issaquah Creek did not increase significantly
during this same time period (Figure 4.2). Much of that watershed has remained in forest
(73 percent; Ellison and Brett, 2006). However, the smaller tributary creeks, except
Tibbetts, do not show a development-related increase in TP inputs to the lake, despite the
marked increase in conductivity.

There are several possible explanations for TP remaining stable in the face of increasing
development, while conservative substances have increased. The increase in conservative
alkalinity and conductivity is probably due to the dissolution of soil minerals through
disturbance and corrosion of calcium-based structures in urbanized watershed (EPA,
2012). Although TP concentration also increases with development, it is non-conservative
and subject to removal processes in stormwater treatment facilities and in-lake processes,
while alkalinity and conductivity stay in solution as inflow water moves through the lake.

Z Animal Units per km?2 were determined from a dairy farm dataset specifying location and number of animal
units per farm compiled by the Washington State Department of Ecology (WA DOE, 2003).
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Conductivity Trends in Issaquah Creek
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Figure 4.2 Conductivity in Issaquah Creek from 1980 to 2011.

4.3 Trophic State

Phosphorus (P) concentration in the surface water stratum-the epilimnion-during spring
and summer determines the lake’s production and biomass of plankton algae, and
ultimately fish production. The resulting concentration of algae (and other dissolved and
particulate substances) determines the amount of light attenuated and, thus, the depth of
transparency. If the algae concentration is low, transparency will be high-greater
transparency means fewer smaller particles allowing more blue color to penetrate and be
reflected back to the observer. So P not only determines the lake’s productivity but also
how it looks to lake recreational users. And, as mentioned earlier, the areal hypolimnetic
DO deficit, or AHOD, is used as an index of trophic state, like TP, chl a and transparency.

4.3.1 TP and Chl a

The conventionally calculated indicators of trophic state are summer (June-September)
mean concentrations of TP and chl a in the epilimnion, and transparency. Summer mean TP
has been consistently around 12 pg/L and chl a around 3 pg/L since the 1970s. Based on
these levels, Lake Sammamish is borderline mesotrophic-oligotrophic.
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Chl a has varied more than TP, with lower levels in the 1980s, and closer to 3.5 pg/L over
the past 20 years. The long-term ratio of chl a:TP of 0.26 is slightly less than expected; the
average for world lakes at those TP concentrations which is 0.35 (Welch and Jacoby, 2004).
Chl a concentrations are naturally low during summer, because the lake is thermally
stratified, rainfall/runoff is usually low, and the epilimnion continually loses its TP, the
determinant of chl a, through settling. Also, there is little resupply of TP from inflows
during summer and the strong thermocline largely blocks transport of P from the
hypolimnion until fall turnover. However, SRP concentrations tend to be higher in the dry
periods when ground water dominates stream flows (Brett et al., 2005a). SRP
concentrations in the whole lake annually and the hypolimnion during stratification, have
declined but not in the epilimnion (Figure 3.15) and the SRP/TP ratio in Pine Lake,
Issaquah, and Idylwood creeks have declined (Table 3.1), without a corresponding
reduction in TP and chl a in the lake.

The highest chl a concentrations have occurred during the spring diatom bloom, usually in
March/April, when chl a has reached 30 pg/L in response to high TP residuals from fall
turnover and winter rain/runoff. Average winter TP concentrations were usually double
the summer epilimnetic levels. Subsidence of the spring bloom effectively strips much of
the TP from the epilimnion, which is not replenished until late summer-early fall with
entrainment from the hypolimnion as the thermocline sinks and/or fall rain/runoff occurs.
A rainfall event and subsequent runoff may have helped cause the toxic cyanobacteria
bloom that occurred in September 1997 (Johnston and Jacoby, 2003). Stormwater would
tend to enter the lake’s epilimnion during May-October due to similar temperatures and
densities. However, such events tend to be unusual during the relatively dry summers in
the Pacific Northwest. That climate situation accounts for much of the observed long-term
stability in summer TP and chl a. Changing climate (i.e., warming) may be contributing to
the stability of summer TP by lengthening the stratified period, which increased by three
weeks in Lake Washington between 1964 and 2000 (Winder and Schindler, 2004), and is
predicted to increase 12-17 days in Lake Sammamish by 2040 (King County, 2013).

Transparency, the other indicator of trophic state, has also remained at a summer mean of
about 5 m over the past three decades, with means slightly deeper than 5 m since 2000,
and many values greater than 6 m. That depth of visibility rates Lake Sammamish as
oligotrophic and of exceptional quality.

The relation between chl a and transparency is nonlinear; very small changes in chl a can
produce large changes in transparency, over a range of relatively low chl a (Figure 3.21).
The values from Lake Sammamish generally adhere to the relationship of Carlson (1977),
although transparency since 2000 was greater than expected from the chl a levels. The
points from Lake Washington before and after wastewater diversion more closely follow
the Carlson curve. The greater than expected transparency in Lake Sammamish since 2000
may have been caused by longer water residence time and a longer stratified period that
would allow greater settling of non-algal particle matter, and may be an effect of climate
change. Although not statistically significant, the spring bloom maximum does appear to
have been occurring earlier over the past 40 years. That suggests a climate change effect of
earlier onset of stratification allowing enough available light for phytoplankton to increase.
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Nevertheless, the nature of the chl a-transparency relationship during summer indicates

that the lake’s current high transparency is dependent on summer TP remaining at a low

level. The vulnerability of the lake’s transparency to only small increases in TP, and hence
chl a, should be carefully weighed when any plans are considered that loosen protections
against runoff from development.

4.3.2 DO Demand

Oxygen is another indicator of trophic state, either as an areal rate of DO depletion in the
hypolimnion (AHOD) or as a minimum concentration. The calculated AHODs averaged 0.56
* 0.11 g/m? per day over the past three decades and showed no trend. As noted in Section
4.2.2, that rate characterizes Lake Sammamish as eutrophic based on its DO depletion rate.

The year-to-year variability in AHOD averaged * 20 percent, probably due to differences in
productivity, temperature and the possible effect of climatic conditions on length and
intensity of stratification (discussed in Section 3.5). Recognizing any trend toward lower
rates of depletion as the lake recovered following wastewater diversion was difficult given
the high year-to-year variability. Lake Washington did show significant recovery over three
decades following wastewater diversion (Table 3.6), because wastewater loading was
much higher than to Lake Sammamish, resulting in a reduction in TP loading that was
double that for Lake Sammamish. Also, Lake Washington AHOD has recovered to near its
pre-wastewater rate, while there is indication that Lake Sammamish has not (Table 3.6).
That is probably due to the much larger decrease in algal biomass in Lake Washington
following diversion (Figure 3.22) and also the ratio of epilimnion:hypolimnion. Lake
Washington has a larger hypolimnion and therefore a much larger reserve of DO

(Section 3.5.4). Also, the efficient settling and anoxic condition in Lake Sammamish may
have resulted in a slower rate of organic matter loss than in Lake Washington. Given the
slow decline in sediment-P release rate, AHOD may yet show a significant decrease, since
its productivity (chl a) is now about the same as that in Lake Washington.

An AHOD of 0.5-0.6 g/m? per day and the relatively shallow hypolimnetic depth (8.17 m)
results in most of that layer going anoxic (0 to- 1 mg/L) by mid-summer. Further, the lake
volume below about 13 meters is uninhabitable by salmonids from late July to October,
because there is less than 4 mg/L DO (Berge 2009). Also, summer warming of the surface
layer results in the water with temperature less than 17°C, necessary for growth, being
confined to depths greater than 9-10 m. These conditions squeeze salmonid habitat to a
layer only 3 to 4 m in thickness during a substantial part of the summer growing season
(Figure 4.3). Such conditions are expected to reduce growth and possibly survival. Berge
(2009) found that this DO-temperature squeeze reduced favorable habitat for salmonids by
up to 90 percent during that critical period. Tracking tagged fish showed that both
cutthroat and kokanee moved to this metalimnetic depth interval causing a predation risk
to juvenile kokanee as well as a slower growth rate. So, while stability in summer
epilimnetic waters results in less available summer TP for algal blooms, it has an adverse
effect to fisheries by squeezing the summer habitat for salmonids and it is expected to
worsen as the stratified period lengthens with climate change and lake warming (King
County, 2013).
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Annual average lake temperature has increased at about one fourth a degree C per decade
similarly in lakes Sammamish and Washington. Modeling of the lake’s temperature to
predict climate change effects indicates that stratification should begin 6 to 7 days sooner
by 2040 and 16 to 23 days sooner by 2080 (King County, 2013). A longer period of
stratification could negatively affect the DO/temperature habitat of cold water fish species.
The earlier spring algal (chl a) bloom maximums, which depend on stratification as well as
seasonally increasing solar radiation supports this.
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Figure 4.3 Temperature and DO isopleths in Lake Sammamish during 2002 showing the depth
restriction (“sqeeze”) for salmonids (from Berge, 2009).
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5.0 CONCLUSIONS AND
RECOMMENDATIONS

The nearly 50 years of observation, from before wastewater diversion and through
increasing development in the watershed, suggests that Lake Sammamish water quality
management strategies have been effective. First, the lake recovered (though delayed)
from diversion of wastewater, which effectively eliminated one third of the external TP
load in the late 1960s. Second, management actions instituted in the 1990s have
contributed to maintaining the TP level in the lake despite a substantial increase in
watershed development, particularly on the east side and the lower reach of the Issaquah
Creek basin. Summer chl a and TP have actually changed little over the 50-year period, nor
has the hypolimnetic oxygen demand (AHOD). The lake’s hypolimnion has regularly gone
anoxic by mid-summer, but the rate of sediment-released P has declined-indicating less
P-rich sediment, in contact with overlying water.

The Pacific Northwest climate generally has wet fall-winters and dry summers, so that
most particulate P enters the lake via stormwater during the time period when algae are
not growing as rapidly. By summer, stratification most of the P entering the lake with
stormwater has settled from the water column. During baseflow conditions, TP inputs are
primarily in soluble form as SRP when groundwater dominates the system. Tributaries to
the lake have not shown a change in TP, but SRP in several-Issaquah, Pine Lake, and
Idylwood creeks-has significantly decreased. Although not certain, it is possible that the
decline in SRP may be due to an overall reduction in the total number of onsite septic
systems and the connection of new homes and businesses to the regional wastewater
system-transporting a substantial portion of P out of the watershed. The decline may also
be from the conversion of agricultural (dairy farms) to single and multi-family residences
over the last several decades.

Development in the area was projected in 1994 to substantially increase TP contribution to
the lake (King County, 1995). Management actions and stormwater controls placed on new
development have prevented some of the TP increase in the lake and/or its tributaries. On
the other hand, while non-conservative TP has not increased, conductivity, which is
conservative, has increased in the lake and inflow streams over the past 30 years

(Figure 4.2 and 4.3), providing supporting evidence that stormwater treatment facilities
may have retained much of the particulate P in runoff from new development. Such
treatment would not have retained conservative substances that account for conductivity.

Two of the important reasons annual, whole-lake TP has remained stable, and well below
the goal maximum, over the past three decades-reductions of hypolimnetic TP and SRP in
inflow streams - may not exist in the future. The sediment P release rate has reached a very
low rate (~ 2 mg/m? per day), about one-fifth of pre-diversion, so hypolimnetic TP will
probably not decrease further given that late summer anoxia is likely to remain constant as
shown by the AHOD. Stream SRP concentrations are not expected to continue to decrease,
because most agricultural land has been urbanized, and sewering has eliminated most on-
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site treatment systems in the urban areas. Moreover, forest cover within the urban growth
boundary is likely to decline from current levels, especially in the Issaquah Creek basin.
Tree cover is an important impediment to storm runoff and institutional rules for their
protection on private property are weak at best. These prospects suggest heightened
importance of the ongoing or enhanced TP removal from stormwater, erosion control best
management practices during site development, forest retention requirements, and
institutional protections for shoreline integrity along tributary streams and the lake itself.
In addition, salmon recovery efforts in the watershed to improve habitat may also reduce P
loads to surface waters. All of the provisions above should remain strongly in force if the
lake’s water quality is to remain high for this and future generations to enjoy.

Based on this investigation, the following are recommended to ensure that Lake
Sammamish water quality is maintained:

Enforce Management Strategies

¢ Continue to enforce strategies to control phosphorus input and instituted land-use
zoning, which were put into place by multi-jurisdictional efforts that resulted in the
Lake Sammamish Initiative in 1995.

Monitoring

e Continue to collect and evaluate lake water quality data. As this report
demonstrates, a consistent long-term data set to evaluate trends over time is
essential to evaluate the effectiveness of management strategies in response to the
lake’s condition, and make adjustments as needed.

e Continue to monitor tributary water quality. A five-year hiatus (2009-2013) in
water quality data in some of the Lake Sammamish tributaries occurred due to
budgetary constraints. A consistent long-term data set to evaluate trends over time
in loading of pollutants to the lake is essential to evaluate the effectiveness of
management strategies.

¢ Continue to collect routine lake phytoplankton (algae) and zooplankton data. King
County began collecting phytoplankton data in 2003 and has intermittently
collected zooplankton data. Having a consistent long-term data set on the plankton
community structure will enable future analyses of food web (includes impacts to
kokanee and other species) interactions and their response to regional climate
changes, which may have already affected the lake.

¢ Maintain and expand the flow-monitoring gaging network for tributaries to Lake
Sammamish. Flow is currently measured in Issaquah Creek, Lewis Creek, and
Laughing Jacobs Creek. Installing gages at other tributary mouths where water
quality data are collected (e.g., Idylwood Creek, Eden Creek, Ebright Creek, Pine
Lake Creek, and Tibbetts Creek) would allow comparison of flow and phosphorus
(and other constituent) loading in the future.
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Outreach

e Conduct outreach to jurisdictions and stakeholder groups within the Lake
Sammamish watershed to maintain efforts to protect of the lake and ensure that
water quality improvements from diversion and other planning efforts are not
overshadowed by future development.
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Appendix A:
Volume Weighting






Lake Sammamish Volume weighting - setting the epilimnion at surface to 10 meters, and hypolimnion at 15 meters to bottom.

Data interpolated from Hypsographic curve in Peter Birch dissertation (University of WA 1976) and reported in Perkins' report:
LAKE SAMMAMISH TOTAL PHOSPHORUS MODEL, JULY 1995. Appendix A. pg A-19

Epilimnion at 10 m

Hypolimnion at 15 m

depth in lake volume above bottom area % of total depth % of total depth % of total
(m) m® x 10° m® x 10° depth interval volume interval volume interval volume
0.0 0 19.8 0-25 14 0-2.5 14 15-17.5 8
2.5 47 18.8 25-75 26 25-75 26 17.5-225 13
5.0 91 17.6 7.5-125 21 7.5-10 11 22.5 - bott« 9
7.5 131 16.0 12.5-175 17 sum 51 sum 30
10.0 167 14.2 17.5-225 13
12.5 199 13.0 22.5 - bottom 9
15.0 229 12.0 sum 100
17.5 255 10.4
20.0 278 9.2
22.5 297 7.6
25.0 312 6.0
27.5 320 3.2
30.0 324 1.6
32.0 327 0.0
epi@ 10m=(((0.14* TP@0-2.5) + (0.26* TP@2.5-7.5) +( 0.11* TP@7.5-10))*1000)/(0.14+0.26+0.11)
hypo @ 15 m = (((0.08 *TP@15-17.5) + (0.13*TP@17.5-22.5) + (0.09*TP@22.5-bottom))*1000)/(0.08+13+0.09)
whole lake = (((0.14* TP@0-2.5) + (0.26* TP@2.5-7.5) +( 0.21* TP@7.5-12.5) + (0.17*TP @ 12.5-17.5) + (0.13*TP@17.5-22.5) +
(

0.09*TP@22.5-bottom))*1000)/((0.14+0.26+0.21+0.17+0.13+0.09)
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Appendix B:
Water Quality Data -
Means and Standard Deviations






Lake Sammamish Total Phosphorus

1of13

Depth (m) 15-Jan-80 18-Mar-80 29-Apr-80 3-Jun-80 8-Jul-80 2-Apr-81 16-Apr-81  14-May-81 3-Jun-81 18-Jun-81 1-Jul-81 13-Jul-81 29-Jul-81
1 0.019 0.019 0.006 0.003 0.007 0.009 0.02 0.015 0.011 0.008 0.014 0.013 0.02

5 0.019 0.019 0.01 0.004 0.005 0.019 0.022 0.016 0.011 0.019 0.01 0.018 0.015

10 0.018 0.016 0.006 0.005 0.007 0.031 0.027 0.017 0.014 0.01 0.011 0.009 0.01

15 0.021 0.021 0.003 0.002 0.008 0.029 0.02 0.021 0.015 0.012 0.011 0.026 0.021

20 0.021 0.021 0.012 0.003 0.01 0.02 0.022 0.021 0.016 0.014 0.016 0.018 0.012

25 0.02 0.021 0.007 0.011 0.019 0.02 0.027 0.025 0.018 0.018 0.022 0.029 0.021

Epi TP 18.8 18.4 8.0 39 6.0 18.8 22,5 15.9 11.6 14.0 11.3 14.7 15.3
Hypo TP 20.7 21.0 8.1 5.1 12.2 224 23.0 22.2 16.3 14.7 16.5 234 17.1
Whole TP 19.5 19.2 7.4 4.2 8.1 22.0 22.9 18.4 13.6 13.6 12.8 17.8 15.8
Depth (m) 13-Aug-81 26-Aug-81 10-Sep-81 24-Sep-81 14-Oct-81 28-Oct-81 10-Nov-81 24-Nov-81 7-Jan-82 9-Feb-82 3-Mar-82 16-Mar-82 15-Apr-82
1 0.003 0.007 0.009 0.009 0.017 0.007 0.017 0.036 0.024 0.034 0.018 0.017 0.023

5 0.008 0.016 0.009 0.008 0.022 0.011 0.017 0.033 0.025 0.049 0.009 0.02 0.016

10 0.014 0.016 0.003 0.011 0.016 0.016 0.014 0.030 0.026 0.026 0.016 0.015 0.012

15 0.013 0.014 0.006 0.008 0.018 0.018 0.018 0.033 0.02 0.023 0.017 0.02 0.013

20 0.008 0.011 0.003 0.009 0.034 0.037 0.069 0.024 0.012 0.044 0.019 0.02 0.011

25 0.022 0.035 0.028 0.054 0.162 0.172 0.182 0.024 0.026 0.021 0.013 0.051 0.013

Epi TP 7.9 135 7.7 8.9 19.3 11.0 16.4 33.2 24.9 39.9 13.0 18.1 17.1
Hypo TP 135 19.0 11.3 22.2 68.1 72.4 89.3 26.4 18.3 315 16.7 29.3 121
Whole TP 10.7 155 8.2 13.0 335 30.6 38.2 30.8 22.6 345 14.8 21.3 14.7
Depth (m) 27-Apr-82  13-May-82  25-May-82 8-Jun-82 29-Jun-82 12-Jul-82 27-Jul-82 10-Aug-82 24-Aug-82 8-Sep-82 28-Sep-82 12-Oct-82 25-Oct-82
1 0.019 0.013 0.017 0.007 0.015 0.033 0.005 0.007 0.009 0.007 0.01 0.018 0.011

5 0.022 0.015 0.013 0.008 0.017 0.029 0.007 0.007 0.011 0.011 0.013 0.016 0.012

10 0.018 0.025 0.012 0.011 0.019 0.01 0.014 0.01 0.01 0.016 0.016 0.011 0.012

15 0.02 0.012 0.013 0.01 0.015 0.042 0.012 0.004 0.017 0.012 0.01 0.011 0.018

20 0.021 0.013 0.017 0.018 0.019 0.012 0.013 0.002 0.018 0.014 0.008 0.018 0.027

25 0.022 0.019 0.02 0.03 0.034 0.098 0.016 0.007 0.025 0.023 0.03 0.055 0.052

Epi TP 20.3 16.6 13.9 8.4 16.9 26.0 8.0 7.6 10.2 11.0 12.8 15.5 11.7
Hypo TP 21.0 14.5 16.8 19.5 22.4 45.8 13.6 4.0 19.8 16.2 15.1 27.2 32.1
Whole TP 20.3 16.4 145 121 18.6 31.8 10.6 6.5 13.7 131 13.6 18.2 184

Note: Mean total phosphorus data for years prior to 1980 obtained from Perkins, 1995.
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Depth (m) 8-Nov-82 23-Nov-82 8-Dec-82 21-Dec-82 18-Jan-83 7-Feb-83 23-Feb-83 8-Mar-83 22-Mar-83 11-Apr-83 25-Apr-83 9-May-83 23-May-83
1 0.012 0.02 0.027 0.021 0.02 0.024 0.015 0.024 0.009 0.018 0.009 0.011 0.013

5 0.012 0.018 0.024 0.029 0.025 0.012 0.017 0.021 0.01 0.012 0.012 0.016 0.009

10 0.011 0.021 0.027 0.032 0.018 0.014 0.018 0.017 0.007 0.015 0.012 0.016 0.012

15 0.016 0.019 0.022 0.024 0.021 0.017 0.026 0.02 0.007 0.018 0.014 0.018 0.008

20 0.024 0.019 0.021 0.022 0.018 0.018 0.02 0.024 0.015 0.019 0.016 0.025 0.019

25 0.035 0.037 0.024 0.021 0.022 0.02 0.028 0.022 0.007 0.025 0.023 0.033 0.031

Epi TP 11.8 19.2 25.5 27.5 22.1 15.7 16.7 21.0 9.1 143 11.2 14.6 10.7
Hypo TP 25.2 24.4 22.2 22.2 20.0 18.3 24.0 22.3 10.5 20.5 17.6 25.5 19.7
Whole TP 16.1 20.9 243 26.0 21.0 16.5 19.8 20.9 9.1 16.6 134 18.3 13.3
Depth (m) 20-Jun-83 5-Jul-83 25-Jul-83 9-Aug-83 22-Aug-83 12-Sep-83 26-Sep-83 10-Oct-83 24-Oct-83 8-Nov-83 21-Nov-83 5-Dec-83 9-Jan-84
1 0.014 0.021 0.004 0.02 0.01 0.015 0.014 0.008 0.019 0.019 0.020 0.021 0.028

5 0.006 0.009 0.003 0.008 0.012 0.024 0.016 0.015 0.021 0.013 0.015 0.019 0.02

10 0.013 0.008 0.005 0.011 0.014 0.023 0.013 0.013 0.015 0.015 0.017 0.019 0.028

15 0.009 0.008 0.003 0.004 0.008 0.015 0.014 0.009 0.016 0.016 0.016 0.018 0.023

20 0.01 0.013 0.001 0.009 0.01 0.01 0.007 0.016 0.034 0.029 0.024 0.02 0.023

25 0.031 0.022 0.01 0.01 0.009 0.021 0.035 0.048 0.089 0.078 0.028 0.021 0.024

Epi TP 9.7 121 37 11.9 11.9 21.3 14.8 12.6 19.2 15.1 16.8 19.5 23.9
Hypo TP 16.0 14.4 4.2 8.0 9.2 14.6 17.3 23.7 45.7 40.2 23.1 19.8 233
Whole TP 11.9 12.0 39 9.9 10.9 18.9 15.3 15.7 26.4 22.7 18.6 194 24.1
Depth (m) 8-Feb-84 21-Feb-84 5-Mar-84 2-Apr-84 16-Apr-84 9-May-84  22-May-84 5-Jun-84 19-Jun-84 10-Jul-84 24-Jul-84 7-Aug-84 22-Aug-84
1 0.015 0.021 0.016 0.015 0.008 0.008 0.009 0.015 0.003 0.007 0.009 0.01 0.009

5 0.013 0.015 0.015 0.02 0.01 0.013 0.007 0.019 0.005 0.006 0.007 0.015 0.011

10 0.015 0.017 0.022 0.013 0.011 0.012 0.008 0.001 0.015 0.021 0.014 0.012 0.012

15 0.019 0.016 0.021 0.014 0.012 0.011 0.009 0.004 0.015 0.011 0.015 0.018

20 0.015 0.019 0.016 0.019 0.014 0.011 0.009 0.012 0.011 0.009 0.008 0.014 0.014

25 0.019 0.021 0.016 0.018 0.016 0.012 0.017 0.026 0.021 0.016 0.081 0.023 0.02

Epi TP 14.0 17.1 16.8 17.1 9.7 11.4 7.8 14.0 6.6 9.5 9.1 13.0 10.7
Hypo TP 17.3 18.8 17.3 17.4 14.1 11.3 11.4 13.0 12.1 12.7 30.7 17.0 16.9
Whole TP 155 17.5 17.9 16.5 11.3 11.4 9.0 11.2 8.9 121 16.2 143 13.3
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Depth (m) 12-Sep-84 26-Sep-84 2-Oct-84 10-Oct-84 24-Oct-84 7-Nov-84 27-Nov-84 5-Dec-84 27-Dec-84 9-Jan-85 30-Jan-85 20-Feb-85 13-Mar-85
1 0.017 0.017 0.011 0.014 0.015 0.024 0.019 0.019 0.024 0.017 0.016 0.024

5 0.017 0.02 0.018 0.011 0.011 0.009 0.024 0.021 0.019 0.019 0.011 0.019 0.026

10 0.015 0.011 0.037 0.026 0.01 0.016 0.02 0.015 0.02 0.014 0.016 0.019 0.02

15 0.017 0.024 0.014 0.011 0.01 0.024 0.024 0.018 0.025 0.026 0.019 0.016 0.023

20 0.026 0.022 0.02 0.018 0.056 0.017 0.029 0.017 0.018 0.024 0.017 0.023 0.031

25 0.047 0.042 0.057 0.15 0.215 0.026 0.032 0.019 0.026 0.029 0.023 0.021 0.033

Epi TP 16.6 12.6 21.8 14.2 11.6 12.2 23.1 19.2 19.2 19.3 13.7 18.2 24.2
Hypo TP 29.9 28.5 29.5 55.7 91.4 21.6 28.6 17.9 22.3 26.0 19.3 20.5 29.5
Whole TP 20.5 18.2 249 27.6 353 16.4 245 18.3 20.7 21.4 16.1 18.8 25.2
Depth (m) 27-Mar-85 10-Apr-85 24-Apr-85 9-May-85 22-May-85 4-Jun-85 19-Jun-85 3-Jul-85 24-Jul-85 7-Aug-85 21-Aug-85 11-Sep-85 25-Sep-85
1 0.011 0.017 0.013 0.007 0.007 0.011 0.006 0.013 0.01 0.009 0.005 0.013 0.009

5 0.011 0.009 0.008 0.004 0.01 0.004 0.008 0.011 0.015 0.017 0.006 0.009 0.009

10 0.028 0.008 0.01 0.006 0.015 0.004 0.008 0.028 0.016 0.015 0.008 0.01 0.013

15 0.014 0.011 0.011 0.008 0.003 0.002 0.007 0.009 0.009 0.016 0.008 0.017 0.017

20 0.014 0.02 0.008 0.002 0.006 0.008 0.016 0.013 0.013 0.012 0.011 0.011 0.023

25 0.017 0.017 0.006 0.006 0.008 0.011 0.017 0.026 0.036 0.025 0.042 0.039 0.05

Epi TP 14.7 11.0 9.8 5.3 10.3 5.9 7.5 15.2 13.8 144 6.2 10.3 9.9
Hypo TP 14.9 16.7 8.2 4.8 5.8 7.3 13.9 15.8 18.8 17.0 19.5 21.0 29.5
Whole TP 16.0 124 9.5 5.4 8.7 5.8 9.4 16.1 15.1 154 10.5 141 16.7
Depth (m) 9-Oct-85 22-Oct-85 14-Nov-85 3-Dec-85 18-Dec-85 8-Jan-86 23-Jan-86 5-Feb-86 25-Feb-86 12-Mar-86 26-Mar-86 9-Apr-86 23-Apr-86
1 0.014 0.008 0.017 0.014 0.02 0.014 0.021 0.019 0.029 0.009 0.016 0.004 0.004

5 0.008 0.002 0.013 0.015 0.019 0.025 0.021 0.019 0.022 0.008 0.015 0.004 0.006

10 0.012 0.002 0.008 0.021 0.015 0.018 0.027 0.017 0.016 0.009 0.015 0.009 0.011

15 0.013 0.005 0.018 0.019 0.018 0.018 0.016 0.017 0.014 0.016 0.012 0.004 0.014

20 0.026 0.022 0.01 0.014 0.017 0.022 0.022 0.019 0.017 0.015 0.012 0.008 0.011

25 0.128 0.107 0.03 0.021 0.018 0.018 0.018 0.032 0.022 0.015 0.011 0.004 0.007

Epi TP 10.5 3.6 13.0 16.0 18.4 20.5 223 18.6 22.6 8.5 15.3 5.1 6.5
Hypo TP 53.1 43.0 18.1 17.4 17.6 19.7 19.2 22.4 17.7 15.3 11.7 5.7 10.6
Whole TP 23.7 154 145 17.2 17.8 19.8 21.3 194 19.7 11.3 13.9 5.6 8.9




Lake Sammamish Total Phosphorus
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Depth (m) 7-May-86 21-May-86 4-Jun-86 18-Jun-86 9-Jul-86 23-Jul-86 6-Aug-86 20-Aug-86 9-Sep-86 24-Sep-86 8-0Oct-86 22-Oct-86 4-Nov-86
1 0.004 0.003 0.007 0.048 0.014 0.005 0.005 0.006 0.026 0.004 0.006 0.006 0.016

5 0.01 0.007 0.011 0.001 0.005 0.026 0.011 0.004 0.01 0.005 0.014 0.007 0.015

10 0.01 0.004 0.009 0.001 0.009 0.01 0.011 0.01 0.007 0.003 0.008 0.007 0.02

15 0.005 0.006 0.007 0.001 0.008 0.008 0.021 0.009 0.007 0.012 0.006 0.005 0.03

20 0.015 0.011 0.008 0.004 0.003 0.009 0.012 0.018 0.015 0.019 0.024 0.02 0.033

25 0.016 0.012 0.015 0.012 0.016 0.017 0.024 0.023 0.034 0.054 0.131 0.126 0.214

Epi TP 8.4 5.3 9.5 13.9 8.3 16.8 9.4 5.8 13.7 43 10.5 6.7 16.4
Hypo TP 12.6 10.0 9.8 5.6 8.2 111 18.0 17.1 18.6 27.6 51.3 47.8 86.5
Whole TP 9.5 6.6 9.3 9.0 8.3 13.6 13.2 9.9 13.9 11.9 22.1 18.9 39.0
Depth (m) 20-Nov-86 3-Dec-86 17-Dec-86 7-Jan-87 4-Feb-87 4-Mar-87 25-Mar-87 8-Apr-87 22-Apr-87 6-May-87 20-May-87 3-Jun-87 17-Jun-87
1 0.017 0.019 0.018 0.026 0.02 0.023 0.018 0.011 0.017 0.013 0.006 0.011 0.014

5 0.014 0.021 0.016 0.024 0.02 0.02 0.021 0.01 0.01 0.011 0.008 0.011 0.014

10 0.015 0.02 0.02 0.022 0.02 0.023 0.019 0.011 0.011 0.012 0.014 0.011 0.019

15 0.024 0.03 0.019 0.034 0.019 0.017 0.015 0.011 0.016 0.013 0.005 0.01 0.011

20 0.044 0.018 0.018 0.026 0.017 0.02 0.021 0.014 0.019 0.014 0.007 0.013 0.009

25 0.148 0.014 0.018 0.022 0.02 0.02 0.023 0.017 0.027 0.022 0.02 0.031 0.03

Epi TP 15.0 20.2 17.4 24.1 20.0 21.5 19.7 10.5 121 11.8 8.7 11.0 15.1
Hypo TP 69.9 20.0 18.3 26.9 18.4 19.2 20.0 141 20.6 16.1 10.4 17.6 15.8
Whole TP 323 21.0 18.1 25.6 194 20.5 19.3 11.7 14.9 13.2 9.4 12.9 15.3
Depth (m) 8-Jul-87 22-Jul-87 5-Aug-87 19-Aug-87 9-Sep-87 23-Sep-87 7-Oct-87 21-Oct-87 4-Nov-87 18-Nov-87 9-Dec-87 6-Jan-88 3-Feb-88
1 0.016 0.009 0.009 0.005 0.008 0.01 0.009 0.01 0.012 0.011 0.047 0.019 0.02

5 0.014 0.011 0.008 0.009 0.008 0.013 0.025 0.011 0.011 0.01 0.036 0.024 0.016

10 0.013 0.013 0.015 0.011 0.015 0.013 0.009 0.012 0.01 0.013 0.038 0.025 0.031

15 0.012 0.008 0.008 0.007 0.028 0.009 0.01 0.013 0.014 0.01 0.036 0.0235 0.013

20 0.021 0.031 0.016 0.01 0.045 0.029 0.028 0.053 0.096 0.108 0.035 0.022 0.033

25 0.029 0.047 0.036 0.06 0.114 0.131 0.199 0.228 0.243 0.394 0.036 0.027 0.015

Epi TP 143 10.9 9.8 8.3 9.5 12.2 17.2 10.9 111 10.9 39.5 22.8 20.3
Hypo TP 21.0 29.7 19.9 24.2 61.2 54.3 74.5 94.8 118.2 167.7 35.6 23.9 22.3
Whole TP 16.0 16.5 13.2 13.2 27.2 24.6 329 36.4 43.4 58.1 37.8 23.4 21.3
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Depth (m) 2-Mar-88 23-Mar-88 6-Apr-88 3-May-88 18-May-88 8-Jun-88 22-Jun-88 6-Jul-88 20-Jul-88 3-Aug-88 17-Aug-88 7-Sep-88 21-Sep-88
1 0.011 0.02 0.008 0.005 0.006 0.012 0.007 0.01 0.011 0.005 0.011 0.007 0.007

5 0.028 0.023 0.009 0.006 0.004 0.015 0.006 0.008 0.008 0.0065 0.005 0.007 0.008

10 0.044 0.019 0.012 0.006 0.004 0.017 0.005 0.009 0.004 0.014 0.012 0.007 0.007

15 0.023 0.017 0.017 0.007 0.004 0.019 0.009 0.008 0.004 0.009 0.007 0.008 0.009

20 0.021 0.023 0.014 0.008 0.009 0.017 0.004 0.009 0.007 0.008 0.008 0.017 0.034

25 0.021 0.018 0.012 0.013 0.011 0.016 0.015 0.023 0.03 0.008 0.023 0.032 0.079

Epi TP 26.8 21.3 9.4 5.7 45 14.6 6.1 8.8 8.0 7.7 8.2 7.0 7.5
Hypo TP 21.5 19.9 14.2 9.2 8.3 17.2 8.6 12.9 131 8.3 12.2 19.1 40.8
Whole TP 26.6 20.3 11.8 6.9 5.6 16.0 7.0 10.0 8.8 8.6 9.7 10.7 17.6
Depth (m) 4-Oct-88 19-Oct-88 8-Nov-88 30-Nov-88 14-Dec-88 18-Jan-89 8-Feb-89 8-Mar-89 21-Mar-89 5-Apr-89 19-Apr-89 10-May-89 24-May-89
1 0.006 0.011 0.016 0.018 0.019 0.021 0.033 0.021 0.015 0.022 0.013 0.009 0.008

5 0.008 0.013 0.015 0.021 0.022 0.022 0.03 0.024 0.015 0.014 0.007 0.009 0.007

10 0.007 0.032 0.015 0.018 0.022 0.022 0.028 0.026 0.02 0.015 0.009 0.006 0.005

15 0.009 0.019 0.015 0.022 0.034 0.022 0.033 0.023 0.015 0.015 0.012 0.006 0.01

20 0.015 0.033 0.042 0.024 0.023 0.021 0.025 0.023 0.024 0.017 0.01 0.007 0.008

25 0.136 0.132 0.125 0.024 0.027 0.02 0.025 0.022 0.022 0.012 0.011 0.01 0.01

Epi TP 7.2 16.5 15.3 19.5 21.2 21.7 30.4 23.6 16.1 16.4 9.1 8.4 6.8
Hypo TP 49.7 59.0 59.7 23.5 27.1 21.0 27.1 22.7 21.0 15.0 10.8 7.6 9.1
Whole TP 20.1 31.0 28.6 20.8 24.2 21.6 29.4 23.5 17.9 15.7 9.9 7.7 7.6
Depth (m) 7-Jun-89 12-Jul-89 8-Aug-89 6-Sep-89 11-Oct-89 8-Nov-89 6-Dec-89 3-Jan-90 15-Feb-90 6-Mar-90 20-Mar-90 3-Apr-90 17-Apr-90
1 0.01 0.01 0.016 0.011 0.011 0.016 0.016 0.023 0.036 0.016 0.018 0.015 0.014

5 0.012 0.023 0.028 0.015 0.011 0.016 0.017 0.022 0.036 0.018 0.016 0.017 0.012

10 0.01 0.01 0.016 0.014 0.017 0.016 0.015 0.025 0.023 0.019 0.015 0.016 0.015

15 0.01 0.011 0.008 0.014 0.011 0.017 0.017 0.023 0.027 0.022 0.02 0.019 0.016

20 0.011 0.012 0.018 0.018 0.013 0.022 0.018 0.027 0.026 0.017 0.017 0.02 0.02

25 0.015 0.019 0.016 0.072 0.132 0.089 0.018 0.026 0.026 0.018 0.021 0.03 0.073

Epi TP 11.0 16.6 22.1 13.7 12.3 16.0 16.3 22.9 33.2 17.7 16.3 16.2 13.2
Hypo TP 11.9 13.8 14.7 33.1 48.2 40.8 17.7 25.6 26.3 18.6 19.0 22.7 34.8
Whole TP 111 14.6 18.0 19.6 23.4 23.5 16.7 24.0 29.5 18.5 17.3 18.4 20.1
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Depth (m) 8-May-90  22-May-90 5-Jun-90 11-Jul-90 8-Aug-90 5-Sep-90 10-Oct-90 7-Nov-90 8-Jan-91 5-Feb-91 5-Mar-91 18-Mar-91 2-Apr-91
1 0.006 0.012 0.014 0.008 0.014 0.01 0.013 0.009 0.027 0.041 0.025 0.025 0.016
5 0.007 0.017 0.012 0.005 0.013 0.009 0.011 0.008 0.028 0.032 0.022 0.029 0.02
10 0.006 0.012 0.013 0.007 0.017 0.008 0.013 0.008 0.035 0.027 0.021 0.029 0.017
15 0.007 0.011 0.011 0.005 0.008 0.009 0.02 0.009 0.031 0.041 0.02 0.028 0.019
20 0.016 0.013 0.018 0.014 0.011 0.007 0.02 0.03 0.027 0.044 0.02 0.032 0.019
25 0.022 0.035 0.039 0.031 0.016 0.026 0.056 0.06 0.03 0.038 0.021 0.03 0.018
Epi TP 6.5 145 12.8 6.3 141 9.1 12.0 8.3 29.2 334 22.6 27.9 18.3
Hypo TP 15.4 19.1 22.4 16.7 11.7 13.2 30.8 334 29.0 41.4 20.3 30.3 18.7
Whole TP 9.2 15.3 15.5 9.4 131 10.2 18.5 15.9 29.9 35.8 21.5 28.8 18.3
Depth (m) 16-Apr-91 15-May-91 29-May-91 12-Jun-91 1-Jul-91 7-Aug-91 25-Sep-91 8-Oct-91 5-Nov-91 3-Dec-91 6-Jan-92 5-Feb-92 3-Mar-92
1 0.013 0.007 0.011 0.005 0.012 0.022 0.009 0.012 0.009 0.029 0.02 0.028 0.031
5 0.021 0.005 0.008 0.002 0.012 0.02 0.01 0.025 0.012 0.025 0.024 0.031 0.026
10 0.018 0.006 0.006 0.004 0.013 0.02 0.008 0.011 0.012 0.03 0.019 0.028 0.026
15 0.014 0.016 0.012 0.008 0.012 0.025 0.006 0.005 0.043 0.037 0.024 0.034 0.024
20 0.016 0.016 0.025 0.014 0.011 0.012 0.017 0.017 0.036 0.031 0.021 0.025 0.022
25 0.027 0.016 0.026 0.015 0.02 0.017 0.068 0.073 0.063 0.054 0.023 0.027 0.025
Epi TP 18.2 5.8 8.4 33 12.2 20.5 9.3 18.4 11.2 27.2 21.8 29.5 27.4
Hypo TP 18.8 16.0 21.8 12.7 14.0 17.0 29.4 30.6 46.0 39.5 22.4 28.0 23.4
Whole TP 18.0 9.8 125 6.6 12.8 19.8 14.9 20.1 24.6 32.0 21.9 29.3 25.8
Depth (m) 26-Mar-92 7-Apr-92 21-Apr-92 5-May-92 19-May-92 2-Jun-92 7-Jul-92 4-Aug-92 9-Sep-92 6-Oct-92 3-Nov-92 2-Dec-92 5-Jan-93
1 0.032 0.023 0.019 0.002 0.01 0.012 0.011 0.017 0.012 0.007 0.011 0.025 0.021

5 0.019 0.026 0.019 0.015 0.012 0.018 0.006 0.011 0.011 0.005 0.011 0.025
10 0.016 0.015 0.008 0.009 0.012 0.02 0.011 0.013 0.009 0.011 0.009 0.027 0.038

15 0.015 0.022 0.01 0.011 0.018 0.007 0.009 0.01 0.004 0.004 0.02 0.031

20 0.021 0.018 0.017 0.018 0.016 0.016 0.006 0.011 0.004 0.007 0.02 0.036
25 0.032 0.034 0.025 0.027 0.034 0.026 0.01 0.017 0.015 0.026 0.146 0.03 0.031
Epi TP 21.9 22.8 16.6 10.1 11.5 16.8 8.5 131 10.8 6.8 10.6 25.4 247
Hypo TP 22.7 23.9 17.5 18.8 21.9 16.6 8.0 12.5 7.3 11.9 57.8 32.9 35.9
Whole TP 20.9 22.3 154 12.7 15.2 16.2 8.6 12.6 9.0 8.5 25.4 28.3 30.6
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Depth (m) 3-Feb-93 2-Mar-93 15-Mar-93 6-Apr-93 20-Apr-93 4-May-93 26-May-93 8-Jun-93 7-Jul-93 3-Aug-93 8-Sep-93 5-Oct-93 2-Nov-93
1 0.035 0.014 0.015 0.024 0.022 0.008 0.014 0.024 0.032 0.013 0.011 0.01 0.006

5
10 0.033 0.016 0.015 0.01 0.013 0.021 0.012 0.034 0.021 0.011 0.016 0.015 0.006

15

20
25 0.039 0.012 0.02 0.012 0.022 0.016 0.01 0.033 0.023 0.018 0.033 0.055 0.054
Epi TP 34.6 144 15.0 21.0 20.1 10.8 13.6 26.2 29.6 12.6 121 111 6.0
Hypo TP 34.8 14.8 16.5 10.6 15.7 19.5 11.4 33.7 21.6 131 21.1 27.0 20.4
Whole TP 343 14.8 15.5 15.8 17.4 154 12.6 29.9 25.6 124 15.5 16.6 10.3
Depth (m) 8-Dec-93 6-Jan-94 14-Feb-94 8-Mar-94 22-Mar-94 5-Apr-94 19-Apr-94 3-May-94  24-May-94 7-Jun-94 6-Jul-94 2-Aug-94 7-Sep-94
1 0.018 0.02 0.027 0.016 0.015 0.012 0.023 0.015 0.013 0.012 0.009 0.005 0.02

5
10 0.02 0.026 0.041 0.017 0.014 0.012 0.015 0.01 0.012 0.012 0.021 0.013 0.02

15

20
25 0.014 0.023 0.018 0.022 0.024 0.011 0.013 0.012 0.021 0.011 0.047 0.021 0.091
Epi TP 18.4 21.3 30.0 16.2 14.8 12.0 21.3 13.9 12.8 12.0 11.6 6.7 20.0
Hypo TP 18.2 25.1 34.1 18.5 17.0 11.7 14.4 10.6 14.7 11.7 28.8 15.4 413
Whole TP 18.7 233 333 17.1 15.3 11.9 18.0 12.2 13.2 11.9 18.5 10.5 26.4
Depth (m) 4-Oct-94 1-Nov-94 7-Dec-94 17-Jan-95 8-Feb-95 7-Mar-95 4-Apr-95 18-Apr-95 2-May-95 16-May-95 5-Jun-95 10-Jul-95 1-Aug-95
1 0.012 0.02 0.029 0.0270 0.0320 0.0320 0.019 0.016 0.0184 0.007 0.009 0.013 0.025
5 0.017 0.019 0.023 0.02 0.0134 0.014 0.019 0.0159 0.012
10 0.016 0.024 0.026 0.0220 0.0230 0.0230 0.018 0.013 0.0177 0.008 0.006 0.012 0.024
15 0.015 0.024 0.026 0.015 0.0162 0.021 0.009 0.0141 0.015
20 0.031 0.059 0.024 0.011 0.0169 0.01 0.01 0.0095 0.022
25 0.114 0.107 0.026 0.0230 0.0250 0.0210 0.031 0.019 0.0169 0.017 0.017 0.0251 0.049
Epi TP 154 20.4 28.4 25.9 30.1 30.1 20.82 17.39 15.70 10.78 13.45 14.26 18.16
Hypo TP 51.6 64.1 26.0 22.3 23.6 22.4 26.63 14.47 16.71 15.03 11.83 15.41 28.23
Whole TP 26.3 34.2 27.2 24.1 26.8 26.4 22.75 15.86 16.25 12.70 11.82 14.37 21.48
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Depth (m) 12-Sep-95 2-Oct-95 9-Nov-95 5-Dec-95 3-Jan-96 7-Feb-96 6-Mar-96 21-Mar-96 10-Apr-96 30-Apr-96 8-May-96 21-May-96 4-Jun-96
1 0.0081 0.0050 0.0142 0.0350 0.0290 0.0300 0.0270 0.0260 0.0160 0.0080 0.0080 0.0090 0.0130

5 0.0083 0.0050 0.0124 0.0300 0.0300 0.0550 0.0260 0.0220 0.0160 0.0430 0.0170 0.0080 0.0180

10 0.0068 0.0070 0.0098 0.0320 0.0240 0.0390 0.0260 0.0260 0.0200 0.0210 0.0110 0.0080 0.0670

15 0.0121 0.0050 0.0115 0.0290 0.0440 0.0220 0.0260 0.0220 0.0220 0.0240 0.0140 0.0120 0.0070

20 0.0050 0.0069 0.0343 0.0310 0.0290 0.0550 0.0280 0.0220 0.0220 0.0100 0.0180 0.0110 0.0050

25 0.0604 0.0962 0.0808 0.0360 0.0420 0.0220 0.0320 0.0270 0.0150 0.0280 0.0260 0.0270 0.0300

Epi TP 7.92 5.43 12.33 31.80 28.43 44.69 26.27 23.96 16.86 28.65 13.24 8.27 27.20
Hypo TP 23.51 33.18 42.17 31.97 36.90 36.30 28.67 23.50 19.90 19.13 19.33 16.07 13.03
Whole TP 12.86 13.88 20.96 31.62 31.93 39.56 26.94 23.85 18.55 24.61 14.91 10.92 25.11
Depth (m) 18-Jun-96 2-Jul-96 24-Jul-96 6-Aug-96 21-Aug-96 5-Sep-96 17-Sep-96 1-Oct-96 6-Nov-96 4-Dec-96 22-Jan-97 5-Feb-97 3-Mar-97
1 0.0070 0.0130 0.0160 0.0120 0.0280 0.0100 0.0150 0.0170 0.0456 0.0316 0.0265 0.0341 0.0287

5 0.0060 0.0140 0.0140 0.0090 0.0110 0.0220 0.0180 0.0150 0.0187 0.0291 0.0253 0.0267 0.0347

10 0.0060 0.0170 0.0150 0.0120 0.0110 0.0240 0.0140 0.0120 0.0235 0.0228 0.0242 0.0315 0.0367

15 0.0060 0.0160 0.0230 0.0120 0.0100 0.0050 0.0140 0.0130 0.0233 0.0245 0.0256 0.0325 0.0299

20 0.0050 0.0160 0.0160 0.0160 0.0100 0.0340 0.0200 0.0210 0.0689 0.0226 0.0300 0.0267 0.0293

25 0.0140 0.0310 0.0300 0.0240 0.0220 0.0100 0.0480 0.0490 0.1650 0.0276 0.0337 0.0707 0.0379

Epi TP 6.27 14.37 14.76 10.47 15.67 19.14 16.31 14.90 27.12 28.43 25.39 29.77 33.48
Hypo TP 7.97 20.50 22.07 17.33 13.60 19.07 26.80 27.27 85.57 24.61 29.94 41.45 32.04
Whole TP 6.73 16.62 17.72 12.82 14.07 18.33 19.02 18.15 43.95 26.37 26.66 33.69 33.05
Depth (m) 2-Apr-97 7-May-97 2-Jun-97 2-Jul-97 6-Aug-97 2-Sep-97 1-Oct-97 8-0Oct-97 5-Nov-97 3-Dec-97 7-Jan-98 3-Feb-98 3-Mar-98
1 0.0149 0.0201 0.0104 0.0081 0.0085 0.0095 0.0172 0.0105 0.0176 0.0181 0.0202 0.0167 0.0070

5 0.0205 0.0168 0.0121 0.0100 0.0082 0.0156 0.0145 0.0108 0.0206 0.0187 0.0197 0.0208 0.0050

10 0.0167 0.0147 0.0110 0.0106 0.0101 0.0125 0.0142 0.0119 0.0147 0.0186 0.0181 0.0214 0.0050

15 0.0122 0.0165 0.0110 0.0121 0.0099 0.0128 0.0175 0.0108 0.0100 0.0188 0.0197 0.0205 0.0062

20 0.0133 0.0261 0.0100 0.0088 0.0122 0.0123 0.0161 0.0203 0.0192 0.0176 0.0229 0.0216 0.0114

25 0.0164 0.0190 0.0154 0.0232 0.0195 0.0145 0.0277 0.0236 0.0303 0.0193 0.0200 0.0230 0.0050

Epi TP 18.14 17.25 11.40 9.61 8.69 13.26 15.18 10.95 18.50 18.51 19.49 19.80 5.55
Hypo TP 13.94 21.41 11.89 14.00 13.78 13.09 19.95 18.76 20.08 18.43 21.18 21.73 8.09
Whole TP 16.20 18.18 11.47 11.25 10.47 13.09 16.72 13.38 17.83 18.52 19.88 20.60 6.32




Lake Sammamish Total Phosphorus

90of 13

Depth (m) 6-Apr-98 5-May-98 3-Jun-98 6-Jul-98 5-Aug-98 8-Sep-98 7-Oct-98 2-Nov-98 14-Dec-98 5-Jan-99 3-Feb-99 2-Mar-99 6-Apr-99
1 0.0174 0.0050 0.0109 0.0078 0.0066 0.0063 0.0087 0.0095 0.0188 0.0206 0.0213 0.0206 0.0150

5 0.0082 0.0050 0.0076 0.0087 0.0073 0.0063 0.0080 0.0111 0.0193 0.0192 0.0202 0.0193 0.0231

10 0.0097 0.0052 0.0099 0.0068 0.0093 0.0068 0.0106 0.0097 0.0193 0.0216 0.0220 0.0196 0.0170

15 0.0168 0.0050 0.0104 0.0063 0.0081 0.0148 0.0071 0.0080 0.0188 0.0208 0.0201 0.0201 0.0160

20 0.0270 0.0084 0.0129 0.0068 0.0087 0.0068 0.0100 0.0140 0.0215 0.0211 0.0218 0.0191 0.0145

25 0.0140 0.0204 0.0314 0.0220 0.0102 0.0286 0.0871 0.0944 0.0347 0.0199 0.0215 0.0191 0.0127

Epi TP 11.05 5.04 9.00 8.06 7.55 6.42 8.73 10.36 19.17 20.08 20.88 19.71 19.57
Hypo TP 20.38 11.09 17.78 11.22 8.99 15.48 32.33 36.51 24.72 20.67 21.25 19.33 14.39
Whole TP 14.23 6.87 11.85 8.73 8.21 9.93 15.85 17.92 20.82 20.47 21.03 19.61 17.44
Depth (m) 5-May-99 8-Jun-99 7-Jul-99 22-Jul-99 26-Jul-99 3-Aug-99 24-Aug-99 8-Sep-99 14-Sep-99 28-Sep-99 5-Oct-99 14-Oct-99 2-Nov-99
1 0.0077 0.0159 0.0078 0.0107 0.0092 0.0112 0.0092 0.0098 0.0074 0.0095 0.0103 0.0082 0.0122

5 0.0086 0.0080 0.0083 0.0141 0.0115 0.0083 0.0102 0.0087 0.0088 0.0125 0.0093 0.0130 0.0119

10 0.0082 0.0095 0.0071 0.0146 0.0120 0.0087 0.0073 0.0072 0.0086 0.0109 0.0098 0.0098 0.0327

15 0.0082 0.0076 0.0092 0.0153 0.0125 0.0095 0.0087 0.0114 0.0115 0.0115 0.0129 0.0183 0.0146

20 0.0092 0.0081 0.0168 0.0182 0.0188 0.0088 0.0486 0.0119 0.0102 0.0156 0.0220 0.0663 0.0439

25 0.0121 0.0135 0.0148 0.0207 0.0246 0.0178 0.0193 0.0201 0.0297 0.0440 0.0540 0.0386 0.0601

Epi TP 8.26 10.46 7.92 13.31 10.97 9.21 9.32 8.69 8.40 11.31 9.72 11.00 16.46
Hypo TP 9.81 9.57 14.16 18.16 18.86 11.69 29.17 14.19 16.39 23.06 29.15 45.18 40.96
Whole TP 8.71 9.83 9.82 15.07 13.58 9.93 15.02 10.43 11.09 14.80 15.85 21.79 25.27
Depth (m) 7-Dec-99 5-Jan-00 8-Feb-00 7-Mar-00 4-Apr-00 2-May-00 13-Jun-00 5-Jul-00 8-Aug-00 6-Sep-00 3-Oct-00 31-Oct-00 4-Dec-00
1 0.0230 0.0223 0.0212 0.0168 0.0114 0.0112 0.0106 0.0072 0.0085 0.0085 0.0091 0.0063 0.0286

5 0.0225 0.0227 0.0191 0.0193 0.0130 0.0081 0.0078 0.0076 0.0086 0.0098 0.0095 0.0105 0.0262

10 0.0236 0.0240 0.0209 0.0201 0.0146 0.0077 0.0080 0.0083 0.0096 0.0063 0.0097 0.0063 0.0266

15 0.0239 0.0448 0.0197 0.0202 0.0158 0.0080 0.0112 0.0081 0.0078 0.0063 0.0081 0.0131 0.0283

20 0.0233 0.0241 0.0212 0.0207 0.0169 0.0098 0.0088 0.0078 0.0092 0.0125 0.0192 0.0170 0.0284

25 0.0264 0.0247 0.0213 0.0212 0.0186 0.0160 0.0165 0.0133 0.0134 0.0126 0.0241 0.1502 0.0273

Epi TP 22.85 22.88 20.05 18.78 12.90 8.86 8.61 7.63 8.76 8.70 9.42 8.43 26.99
Hypo TP 24.39 29.81 20.84 20.71 17.10 11.19 11.78 9.52 10.09 10.88 17.70 55.94 28.02
Whole TP 23.48 27.04 20.34 19.62 14.59 9.36 9.73 8.31 9.16 8.90 11.81 22.89 27.38
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Depth (m) 3-Jan-01 31-Jan-01 27-Feb-01 3-Apr-01 2-May-01 30-May-01 2-Jul-01 7-Aug-01 5-Sep-01 2-Oct-01 6-Nov-01 3-Dec-01 9-Jan-02
1 0.0241 0.0236 0.0143 0.0109 0.0076 0.0080 0.0066 0.0096 0.0096 0.0103 0.0144 0.0230 0.0241

5 0.0241 0.0228 0.0165 0.0119 0.0081 0.0087 0.0078 0.0083 0.0131 0.0109 0.0151 0.0230 0.0233

10 0.0237 0.0250 0.0158 0.0121 0.0091 0.0087 0.0078 0.0107 0.0154 0.0103 0.0146 0.0247 0.0237

15 0.0275 0.0193 0.0178 0.0135 0.0103 0.0106 0.0083 0.0100 0.0148 0.0106 0.0149 0.0247 0.0237

20 0.0245 0.0206 0.0191 0.0131 0.0116 0.0145 0.0115 0.0139 0.0119 0.0148 0.0438 0.0230 0.0237

25 0.0241 0.0230 0.0191 0.0140 0.0167 0.0150 0.0126 0.0242 0.0125 0.0891 0.0963 0.0230 0.0240

Epi TP 24.02 23.51 15.75 11.64 8.16 8.50 7.48 9.19 12.64 10.61 14.83 23.35 23.62
Hypo TP 25.18 20.95 18.72 13.49 12.79 13.62 10.98 15.94 12.83 35.95 51.83 23.44 23.76
Whole TP 24.65 22.51 16.82 12.41 9.84 10.25 8.64 11.44 13.17 18.18 25.92 23.64 23.67
Depth (m) 28-Jan-02 5-Mar-02 2-Apr-02 7-May-02 4-Jun-02 1-Jul-02 7-Aug-02 4-Sep-02 7-Oct-02 4-Nov-02 3-Dec-02 7-Jan-03 5-Feb-03
1 0.0216 0.0198 0.0131 0.0063 0.0063 0.0103 0.0073 0.0092 0.0106 0.0101 0.0135 0.0202 0.0209

5 0.0212 0.0198 0.0141 0.0098 0.0082 0.0293 0.0091 0.0117 0.0088 0.0115 0.0114 0.0213 0.0209

10 0.0215 0.0199 0.0149 0.0064 0.0124 0.0127 0.0098 0.0110 0.0090 0.0299 0.0131 0.0194 0.0211

15 0.0206 0.0209 0.0162 0.0088 0.0106 0.0111 0.0086 0.0105 0.0085 0.0131 0.0131 0.0204 0.0207

20 0.0215 0.0198 0.0179 0.0068 0.0081 0.0126 0.0088 0.0120 0.0193 0.0160 0.0139 0.0197 0.0192

25 0.0245 0.0215 0.0227 0.0092 0.0096 0.0255 0.0148 0.0284 0.0731 0.2436 0.0146 0.0211 0.0194

Epi TP 21.36 19.84 14.02 8.14 8.58 20.52 8.76 10.88 9.35 15.08 12.33 20.61 20.98
Hypo TP 22.13 20.61 18.89 8.07 9.20 16.08 10.55 16.51 32.54 83.51 13.91 20.31 19.66
Whole TP 21.53 20.18 15.76 8.01 9.33 17.56 9.39 12.54 16.19 36.92 12.95 20.39 20.57
Depth (m) 4-Mar-03 8-Apr-03 6-May-03 4-Jun-03 8-Jul-03 5-Aug-03 3-Sep-03 6-Oct-03 4-Nov-03 1-Dec-03 8-Jan-04 3-Feb-04 2-Mar-04
1 0.0155 0.0097 0.0086 0.0120 0.0097 0.0112 0.0103 0.0165 0.0198 0.0231 0.0313 0.0273 0.0227

5 0.0163 0.0275 0.0090 0.0121 0.0093 0.0114 0.0103 0.0139 0.0143 0.0240 0.0271 0.0251 0.0226

10 0.0139 0.0420 0.0100 0.0119 0.0122 0.0158 0.0119 0.0114 0.0141 0.0239 0.0294 0.0244 0.0242

15 0.0131 0.0105 0.0126 0.0115 0.0129 0.0120 0.0107 0.0120 0.0129 0.0225 0.0269 0.0255 0.0221

20 0.0144 0.0131 0.0105 0.0125 0.0105 0.0122 0.0100 0.0175 0.0289 0.0223 0.0265 0.0252 0.0223

25 0.0191 0.0116 0.0107 0.0165 0.0130 0.0133 0.0124 0.1041 0.1350 0.0227 0.0289 0.0261 0.0260

Epi TP 15.55 25.76 9.07 12.03 10.07 12.28 10.68 14.07 15.76 23.71 28.77 25.54 22.98
Hypo TP 15.45 11.96 11.12 13.44 11.87 12.48 10.89 42.03 56.47 22.48 27.32 25.57 23.37
Whole TP 15.14 21.87 10.10 12.38 11.08 12.66 10.86 22.00 27.55 23.24 28.23 25.43 23.14
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Lake Sammamish Total Phosphorus

11 of 13

Depth (m) 5-Apr-04 3-May-04 7-Jun-04 7-Jul-04 2-Aug-04 8-Sep-04 5-Oct-04 3-Nov-04 15-Dec-04 4-Jan-05 8-Feb-05 8-Mar-05 5-Apr-05
1 0.0125 0.0136 0.0180 0.0138 0.0117 0.0191 0.0156 0.0158 0.0245 0.0316 0.0281 0.0217 0.0167

5 0.0122 0.0101 0.0162 0.0134 0.0115 0.0165 0.0154 0.0138 0.0245 0.0246 0.0280 0.0209 0.0127

10 0.0167 0.0081 0.0247 0.0153 0.0146 0.0165 0.0131 0.0139 0.0254 0.0275 0.0342 0.0218 0.0126

15 0.0139 0.0150 0.0184 0.0143 0.0134 0.0164 0.0171 0.0154 0.0268 0.0324 0.0295 0.0264 0.0216

20 0.0175 0.0165 0.0249 0.0148 0.0149 0.0194 0.0222 0.0357 0.0265 0.0307 0.0310 0.0250 0.0194

25 0.0201 0.0178 0.0273 0.0233 0.0208 0.0241 0.0274 0.0669 0.0274 0.0321 0.0352 0.0261 0.0233

Epi TP 13.26 10.63 18.52 13.89 12.23 17.23 14.98 14.34 24.67 27.14 29.38 21.35 13.79
Hypo TP 17.32 16.51 23.86 17.21 16.27 20.03 22.40 39.65 26.83 31.58 31.89 25.70 21.16
Whole TP 14.88 12.53 20.74 15.06 13.79 17.92 17.21 21.98 25.58 28.99 30.63 23.15 16.59
Depth (m) 3-May-05 7-Jun-05 7-Jul-05 2-Aug-05 7-Sep-05 4-Oct-05 8-Nov-05 6-Dec-05 4-Jan-06 7-Feb-06 7-Mar-06 4-Apr-06 3-May-06
1 0.0085 0.0146 0.0093 0.0127 0.0093 0.0102 0.0141 0.0140 0.0268 0.0293 0.0246 0.0139 0.0085

5 0.0095 0.0144 0.0117 0.0095 0.0175 0.0134 0.0146 0.0201 0.0256 0.0294 0.0246 0.0183 0.0255

10 0.0097 0.0119 0.0130 0.0184 0.0129 0.0105 0.0146 0.0188 0.0225 0.0276 0.0245 0.0183 0.0074

15 0.0150 0.0098 0.0110 0.0141 0.0196 0.0165 0.0177 0.0155 0.0255 0.0278 0.0252 0.0188 0.0092

20 0.0103 0.0092 0.0103 0.0199 0.0119 0.0245 0.0321 0.0141 0.0264 0.0279 0.0249 0.0196 0.0121

25 0.0174 0.0179 0.0169 0.0309 0.0371 0.0528 0.0746 0.0145 0.0254 0.0305 0.0250 0.0242 0.0159

Epi TP 9.24 13.91 11.35 12.30 14.28 11.89 14.50 18.13 25.27 28.99 24.58 17.09 16.94
Hypo TP 13.71 11.99 12.49 21.69 21.49 30.84 40.98 14.62 25.84 28.65 25.00 20.76 12.48
Whole TP 11.15 12.77 11.82 15.89 16.78 17.85 22.74 16.91 25.18 28.64 24.76 18.46 13.96
Depth (m) 6-Jun-06 5-Jul-06 8-Aug-06 5-Sep-06 3-Oct-06 8-Nov-06 5-Dec-06 4-Jan-07 12-Feb-07 13-Mar-07 11-Apr-07 15-May-07 12-Jun-07
1 0.0091 0.0216 0.0102 0.0131 0.0107 0.0164 0.0290 0.0275 0.0252 0.0184 0.0150 0.0112 0.0069

5 0.0088 0.0140 0.0092 0.0127 0.0134 0.0216 0.0288 0.0285 0.0288 0.0203 0.0192 0.0314 0.0080

10 0.0106 0.0191 0.0069 0.0138 0.0148 0.0223 0.0289 0.0342 0.0259 0.0197 0.0168 0.0156 0.0090

15 0.0143 0.0151 0.0122 0.0141 0.0144 0.0712 0.0324 0.0297 0.0278 0.0211 0.0174 0.0119 0.0081

20 0.0105 0.0162 0.0085 0.0212 0.0167 0.0380 0.0299 0.0273 0.0286 0.0230 0.0201 0.0139 0.0063

25 0.0257 0.0269 0.0116 0.0145 0.0428 0.1451 0.0337 0.0279 0.0299 0.0239 0.0196 0.0133 0.0197

Epi TP 9.28 17.18 9.00 13.07 12.95 20.32 28.87 29.47 27.18 19.66 17.52 22.48 7.89
Hypo TP 16.07 19.10 10.41 17.31 23.89 78.98 31.72 28.09 28.79 22.73 19.21 13.15 10.79
Whole TP 11.90 17.76 9.51 14.51 16.54 42.70 30.05 29.54 27.58 20.71 17.94 18.04 8.89
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Lake Sammamish Total Phosphorus

12 of 13

Depth (m) 10-Jul-07 14-Aug-07 11-Sep-07 3-Oct-07 14-Nov-07 11-Dec-07 15-Jan-08 12-Feb-08 12-Mar-08 15-Apr-08  13-May-08 9-Jun-08 15-Jul-08
1 0.0097 0.0063 0.0083 0.0114 0.0159 0.0196 0.0209 0.0203 0.0164 0.0112 0.0109 0.0087 0.0068
5 0.0160 0.0208 0.0066 0.0168 0.0231 0.0179 0.0211 0.0183 0.0167 0.0116 0.0068 0.0107 0.0115
10 0.0112 0.0085 0.0103 0.0127 0.0149 0.0180 0.0209 0.0194 0.0177 0.0138 0.0080 0.0078 0.0100
15 0.0116 0.0072 0.0080 0.0374 0.0150 0.0178 0.0202 0.0204 0.0191 0.0139 0.0100 0.0085 0.0081
20 0.0125 0.0074 0.0077 0.0110 0.0167 0.0192 0.0218 0.0239 0.0178 0.0120 0.0095 0.0116 0.0093
25 0.0155 0.0086 0.0230 0.0366 0.0163 0.0207 0.0209 0.0206 0.0215 0.0136 0.0114 0.0120 0.0119
Epi TP 13.26 14.17 7.86 14.42 19.35 18.40 21.01 19.10 16.81 11.97 8.17 9.55 9.88
Hypo TP 13.17 7.72 12.35 25.70 16.11 19.27 21.13 21.96 19.23 12.99 10.17 10.88 9.76
Whole TP 12.88 11.04 9.47 19.70 17.54 18.57 20.97 20.11 17.82 12.63 8.91 9.68 9.69
Depth (m) 12-Aug-08 9-Sep-08 14-Oct-08 13-Nov-08 9-Dec-08 13-Jan-09 10-Feb-09 10-Mar-09 24-Mar-09 14-Apr-09 28-Apr-09 12-May-09 27-May-09
1 0.0078 0.0088 0.0081 0.0151 0.0188 0.0280 0.0254 0.0232 0.0256 0.0141 0.0117 0.0124 0.0120
5 0.0220 0.0086 0.0078 0.0133 0.0212 0.0212 0.0242 0.0276 0.0154 0.0143 0.0124 0.0136
10 0.0102 0.0122 0.0127 0.0168 0.0198 0.0198 0.0203 0.0218 0.0154 0.0125 0.0163 0.0156
15 0.0136 0.0119 0.0148 0.0217 0.0222 0.0222 0.0206 0.0244 0.0154 0.0117 0.0150 0.0127
20 0.0093 0.0088 0.0246 0.0280 0.0203 0.0203 0.0196 0.0222 0.0175 0.0000 0.0146 0.0257
25 0.0124 0.0125 0.0517 0.0432 0.0610 0.0717 0.0259 0.0203 0.0239 0.0182 0.0145 0.0155 0.0133
Epi TP 15.55 9.44 8.96 14.53 20.24 22.77 25.37 23.11 25.83 15.05 13.19 13.21 13.61
Hypo TP 11.39 10.74 30.12 30.88 33.01 36.23 25.87 20.06 23.28 17.16 7.48 15.01 18.53
Whole TP 13.60 10.33 16.21 20.31 24.21 26.46 25.62 21.69 24.53 15.75 11.28 14.22 15.21
Depth (m) 9-Jun-09 23-Jun-09 14-Jul-09 28-Jul-09 13-Aug-09 25-Aug-09 15-Sep-09 29-Sep-09 13-Oct-09 27-0Oct-09 10-Nov-09 22-Dec-09 12-Jan-10
1 0.0122 0.0141 0.0252 0.0107 0.0080 0.0116 0.0063 0.0098 0.0134 0.0085 0.0197 0.0278 0.0213

5 0.0146 0.0136 0.0175 0.0115 0.0187 0.0110 0.0063 0.0085 0.0133 0.0073 0.0194

10 0.0133 0.0148 0.0126 0.0124 0.0241 0.0110 0.0063 0.0071 0.0213 0.0076 0.0170

15 0.0130 0.0124 0.0093 0.0106 0.0101 0.0106 0.0063 0.0063 0.0158 0.0155 0.0177

20 0.0110 0.0098 0.0107 0.0076 0.0082 0.0103 0.0063 0.0111 0.0230 0.0343 0.0286
25 0.0162 0.0184 0.0168 0.0100 0.0140 0.0156 0.0227 0.0072 0.0650 0.0371 0.0462 0.0276 0.0262
Epi TP 13.68 14.01 18.59 11.47 16.90 11.15 6.31 8.54 15.03 7.69 18.99 27.76 21.33
Hypo TP 13.07 13.09 12.17 9.10 10.45 12.01 11.23 8.65 33.66 30.14 30.98 27.64 26.25
Whole TP 13.39 13.66 15.24 10.77 15.07 11.34 7.79 8.22 21.31 15.12 22.27 27.70 23.79
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Lake Sammamish Total Phosphorus

13 of 13
Depth (m) 9-Feb-10 9-Mar-10 23-Mar-10 14-Apr-10 27-Apr-10 11-May-10  26-May-10 14-Jun-10 30-Jun-10 14-Jul-10 28-Jul-10 11-Aug-10 25-Aug-10
1 0.0140 0.0131 0.0063 0.0063 0.0167 0.0483 0.0097 0.0111 0.0149 0.0154 0.0088 0.0063 0.0093
5 0.0106 0.0115 0.0189 0.0180 0.0255 0.0167 0.0110 0.0134 0.0179 0.0135 0.0087 0.0087
10 0.0126 0.0093 0.0063 0.0174 0.0102 0.0102 0.0130 0.0134 0.0273 0.0096 0.0097 0.0109
15 0.0111 0.0121 0.0071 0.0163 0.0146 0.0215 0.0105 0.0117 0.0290 0.0072 0.0063 0.0098
20 0.0100 0.0134 0.0083 0.0159 0.0102 0.0149 0.0088 0.0103 0.0115 0.0083 0.0064 0.0088
25 0.0154 0.0114 0.0193 0.0117 0.0164 0.0192 0.0288 0.0318 0.0223 0.0324 0.0331 0.0265 0.0255
Epi TP 14.01 11.73 9.87 11.12 17.36 24.15 13.90 11.55 13.48 21.59 10.61 8.24 9.62
Hypo TP 15.40 10.69 14.78 8.98 16.16 14.10 20.82 16.07 14.27 22.55 15.31 12.32 14.03
Whole TP 14.70 11.45 11.37 10.47 16.99 21.09 16.01 12.93 13.72 21.89 12.04 9.48 10.97
Depth (m) 15-Sep-10 29-Sep-10 13-Oct-10 27-Oct-10 9-Nov-10 14-Dec-10 11-Jan-11 15-Feb-11 15-Mar-11 29-Mar-11 12-Apr-11 26-Apr-11 10-May-11
1 0.0106 0.0080 0.0103 0.0135 0.0143 0.0278 0.0261 0.0231 0.0183 0.0180 0.0090 0.0063 0.0097
5 0.0103 0.0091 0.0111 0.0920 0.0920 0.0186 0.0170 0.0139 0.0093 0.0090
10 0.0105 0.0085 0.0103 0.0150 0.0150 0.0179 0.0151 0.0138 0.0095 0.0076
15 0.0125 0.0088 0.0105 0.0150 0.0150 0.0212 0.0187 0.0140 0.0076 0.0165
20 0.0107 0.0179 0.0072 0.0208 0.0208 0.0177 0.0149 0.0116 0.0112 0.0072
25 0.0260 0.0538 0.0473 0.0270 0.0630 0.0283 0.0255 0.0222 0.0189 0.0194 0.0145 0.0145 0.0144
Epi TP 10.70 8.64 10.65 43.51 43.66 27.76 26.12 23.09 18.35 16.91 12.50 8.53 8.87
Hypo TP 15.73 25.96 19.95 21.03 31.64 28.27 25.49 22.21 18.99 17.26 13.12 11.24 11.84
Whole TP 12.23 13.92 13.48 36.65 40.00 28.02 25.81 22.65 18.75 17.00 12.95 9.35 10.32
Depth (m) 24-May-11 14-Jun-11 29-Jun-11 12-Jul-11 10-Aug-11 24-Aug-11 14-Sep-11 28-Sep-11 13-Oct-11 25-Oct-11 15-Nov-11 13-Dec-11
1 0.0134 0.0126 0.0083 0.0074 0.0097 0.0096 0.0068 0.0063 0.0138 0.0154 0.0139 0.0262
5 0.0119 0.0066 0.0091 0.0114 0.0086 0.0088 0.0063 0.0092 0.0141 0.0111 0.0111
10 0.0106 0.0076 0.0098 0.0085 0.0086 0.0101 0.0097 0.0088 0.0143 0.0111 0.0111
15 0.0088 0.0063 0.0122 0.0086 0.0067 0.0105 0.0071 0.0063 0.0088 0.0091 0.0091
20 0.0086 0.0063 0.0159 0.0092 0.0074 0.0090 0.0086 0.0063 0.0076 0.0090 0.0090
25 0.0204 0.0087 0.0155 0.0135 0.0111 0.0208 0.0156 0.0139 0.0231 0.0554 0.0461 0.0260
Epi TP 12.01 8.44 9.04 9.66 8.89 9.31 7.18 8.33 14.06 12.28 11.87 26.25
Hypo TP 12.21 7.03 14.81 10.33 8.34 12.92 10.30 8.58 12.57 22.93 20.12 26.00
Whole TP 11.64 7.74 11.14 9.64 8.50 10.58 8.36 8.28 13.16 15.07 14.02 26.12
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Lake Sammamish Total Nitrogen

1of7

Depth (m) 6-Apr-93 20-Apr-93 4-May-93 26-May-93 8-Jun-93 7-Jul-93 3-Aug-93 8-Sep-93 5-Oct-93 2-Nov-93 8-Dec-93 6-Jan-94 14-Feb-94
1 0.53 0.42 0.39 0.49 0.51 0.43 0.3 0.27 0.22 0.21 0.35 0.39 0.5

5
10 0.51 0.42 0.41 0.43 0.41 0.53 0.52 0.44 0.43 0.2 0.39 0.47 0.5

15

20
25 0.46 0.44 0.42 0.4 0.42 0.48 0.46 0.46 0.42 0.13 0.43 0.46 0.52
Epi TN 525.69 420.00 394.31 477.06 488.43 451.57 347.45 306.67 265.29 207.84 358.63 407.25 500.00
Hypo TN 495.00 426.00 413.00 421.00 413.00 515.00 502.00 446.00 427.00 179.00 402.00 467.00 506.00
Whole TN 513.50 421.80 402.90 451.30 450.90 485.50 426.60 373.80 345.10 197.70 377.60 437.10 501.80
Depth (m) 14-Feb-94 8-Mar-94 22-Mar-94 5-Apr-94 19-Apr-94 3-May-94  24-May-94 7-Jun-94 6-Jul-94 2-Aug-94 7-Sep-94 4-Oct-94 1-Nov-94
1 0.5 0.56 0.53 0.466 0.45 0.445 0.412 0.447 0.336 0.26 0.246 0.235 0.251
5 0.248 0.247
10 0.5 0.52 0.55 0.522 0.491 0.464 0.465 0.471 0.54 0.473 0.264 0.217 0.279
15 0.398 0.306
20 0.32 0.328
25 0.52 0.58 0.59 0.591 0.527 0.523 0.414 0.392 0.357 0.363 0.346 0.422 0.375
Epi TN 500.00 551.37 534.31 478.08 458.84 449.10 423.43 452.18 380.00 305.94 249.88 237.75 255.00
Hypo TN 506.00 538.00 562.00 542.70 501.80 481.70 449.70 447.30 485.10 440.00 288.60 390.18 314.89
Whole TN 501.80 541.40 545.60 505.81 477.84 461.71 439.21 454.29 441.93 377.90 264.18 290.19 286.36
Depth (m) 7-Dec-94 17-Jan-95 8-Feb-95 7-Mar-95 4-Apr-95 18-Apr-95 2-May-95 16-May-95 5-Jun-95 10-Jul-95 1-Aug-95 12-Sep-95 2-Oct-95
1 0.36 0.618 0.558 0.876 0.559 0.571 0.449 0.494 0.419 0.317 0.312 0.191 0.213
5 0.618 0.827 0.455 0.54 0.743 0.446 0.317 0.232 0.273
10 0.343 0.633 0.583 0.634 0.592 0.54 0.517 0.513 0.576 0.508 0.474 0.301 0.193
15 0.664 0.549 0.632 0.575 0.574 0.584 0.55 0.545 0.497
20 0.627 0.587 0.647 0.584 0.573 0.572 0.489 0.512 0.444
25 0.402 0.589 0.581 0.665 0.605 0.694 0.682 0.542 0.478 0.414 0.459 0.366 0.496
Epi TN 356.33 621.24 563.39 823.80 596.20 694.82 466.73 521.55 618.04 423.96 349.49 235.63 239.27
Hypo TN 360.70 619.80 582.40 643.30 654.08 566.64 638.32 573.24 565.40 567.47 534.20 525.00 490.16
Whole TN 355.11 623.04 572.82 733.59 612.10 640.46 542.66 539.74 587.89 477.92 424.02 342.42 328.18

14




Lake Sammamish Total Nitrogen

20f7

Depth (m) 9-Nov-95 5-Dec-95 3-Jan-96 7-Feb-96 6-Mar-96 21-Mar-96 10-Apr-96 30-Apr-96 8-May-96 21-May-96 4-Jun-96 18-Jun-96 2-Jul-96
1 0.357 0.536 0.601 0.71 0.805 0.754 0.712 0.592 0.645 0.613 0.6 0.62 0.658

5 0.37 0.711 0.647 0.691 0.794 0.721 0.728 0.641 0.685 1 0.627 0.616 0.546

10 0.397 0.627 0.667 0.74 0.791 0.768 0.759 0.656 0.618 0.662 0.58 0.665 0.672

15 0.375 0.717 0.667 0.714 0.822 0.779 0.736 0.662 0.679 0.648 0.664 0.693 0.675

20 0.374 0.599 0.615 0.713 0.82 0.729 0.767 0.717 0.706 0.661 0.515 0.708 0.673

25 0.465 0.698 0.56 0.698 0.863 0.762 0.75 0.697 0.646 0.671 0.614 0.563 0.525

Epi TN 372.25 644.84 638.69 706.78 796.37 740.20 730.29 630.78 659.57 820.86 609.45 627.67 603.92
Hypo TN 382.81 700.28 650.93 712.46 825.36 771.13 741.19 672.10 679.53 651.69 640.60 683.44 661.51
Whole TN 383.77 654.15 636.17 711.35 809.26 750.08 740.68 655.78 663.53 741.32 603.91 647.13 624.69
Depth (m) 24-Jul-96 6-Aug-96 21-Aug-96 5-Sep-96 17-Sep-96 1-Oct-96 6-Nov-96 4-Dec-96 22-Jan-97 5-Feb-97 3-Mar-97 2-Apr-97 7-May-97
1 0.449 0.423 0.394 0.333 0.35 0.281 0.387 0.445 0.667 0.593 0.659 0.656 0.775

5 0.411 0.405 0.375 0.314 0.394 0.35 0.384 0.508 0.661 0.646 0.726 0.642 0.697

10 0.532 0.578 0.517 0.506 0.484 0.277 0.428 0.464 0.678 0.734 0.718 0.713 0.673

15 0.668 0.675 0.655 0.623 0.641 0.61 0.355 0.394 0.661 0.742 0.738 0.733 0.704

20 0.608 0.601 0.533 0.567 0.53 0.48 0.392 0.4 0.684 0.931 0.685 0.707 0.687

25 0.453 0.455 0.495 0.445 0.458 0.424 0.382 0.426 0.872 0.667 0.672 0.683 0.694

Epi TN 447.53 447.25 410.84 360.63 401.33 315.31 394.31 481.22 666.31 650.43 705.88 661.16 713.24
Hypo TN 641.38 646.16 625.33 600.16 610.71 577.02 362.10 397.59 682.55 759.47 725.42 725.27 700.95
Whole TN 514.81 519.73 486.42 454.19 472.17 392.77 389.59 449.14 687.39 712.32 706.79 686.48 702.50
Depth (m) 2-Jun-97 2-Jul-97 6-Aug-97 2-Sep-97 1-Oct-97 8-0Oct-97 5-Nov-97 3-Dec-97 7-Jan-98 3-Feb-98 3-Mar-98 6-Apr-98 5-May-98
1 0.414 0.476 0.325 0.272 0.329 0.329 0.372 0.448 0.432 0.548 0.593 0.496 0.425

5 0.359 0.571 0.283 0.261 0.31 0.343 0.336 0.49 0.473 0.522 0.608 0.503 0.44

10 0.638 0.605 0.589 0.555 0.5 0.352 0.331 0.436 0.452 0.583 0.581 0.501 0.516

15 1.25 0.687 0.638 0.672 0.599 0.326 0.38 0.497 0.515 0.516 0.505 0.552 0.561

20 0.652 0.72 0.618 0.535 0.622 0.334 0.536 0.504 0.489 0.585 0.531 0.591 0.534

25 0.682 0.528 0.497 0.449 0.514 0.34 0.447 0.453 0.475 0.526 0.608 0.56 0.521

Epi TN 434.27 552.25 360.53 327.43 356.20 341.10 344.80 466.82 457.22 542.29 598.06 500.65 452.27
Hypo TN 1123.67 677.18 623.01 634.86 594.43 328.25 405.79 494.01 508.16 525.68 517.40 557.68 554.03
Whole TN 643.92 600.06 476.30 446.69 460.61 338.60 383.46 472.46 472.25 545.98 572.71 526.50 493.94
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Lake Sammamish Total Nitrogen

30f7

Depth (m) 3-Jun-98 6-Jul-98 5-Aug-98 8-Sep-98 7-Oct-98 2-Nov-98 14-Dec-98 5-Jan-99 3-Feb-99 2-Mar-99 6-Apr-99 5-May-99 8-Jun-99
1 0.452 0.375 0.224 0.191 0.237 0.253 0.48 0.617 0.712 0.795 0.697 0.659 0.616

5 0.454 0.386 0.23 0.195 0.24 0.264 0.476 0.627 0.674 0.754 0.726 0.655 0.61

10 0.437 0.491 0.485 0.404 0.369 0.257 0.477 0.6 0.7 0.739 0.702 0.653 0.617

15 0.525 0.552 0.547 0.561 0.553 0.452 0.502 0.603 0.686 0.774 0.721 0.64 0.61

20 0.477 0.512 0.522 0.532 0.252 0.465 0.611 0.591 0.692 0.752 0.693 0.654 0.613

25 0.482 0.443 0.427 0.33 0.397 0.416 0.625 0.583 0.704 0.732 0.684 0.646 0.567

Epi TN 449.78 405.63 283.35 238.98 267.00 259.47 477.31 618.43 690.04 762.02 712.86 655.67 613.16
Hypo TN 515.09 537.28 533.23 536.92 500.87 450.48 526.75 599.71 688.35 767.49 714.17 642.31 606.59
Whole TN 467.73 456.24 392.29 356.51 335.57 332.76 512.15 607.21 691.86 757.75 707.98 651.65 608.83
Depth (m) 7-Jul-99 3-Aug-99 24-Aug-99 8-Sep-99 14-Sep-99 28-Sep-99 5-Oct-99 14-Oct-99 2-Nov-99 7-Dec-99 5-Jan-00 8-Feb-00 7-Mar-00
1 0.515 0.368 0.287 0.298 0.245 0.284 0.282 0.297 0.379 0.555 0.587 0.634 0.61

5 0.523 0.377 0.324 0.288 0.277 0.323 0.273 0.35 0.378 0.566 0.637 0.618 0.649

10 0.585 0.553 0.619 0.509 0.289 0.39 0.274 0.306 0.471 0.552 0.64 0.637 0.681

15 0.689 0.658 0.639 0.66 0.551 0.294 0.657 0.581 0.402 0.559 0.654 0.629 0.657

20 0.652 0.584 0.737 0.575 0.568 0.571 0.565 0.444 0.496 0.572 0.648 0.692 0.664

25 0.55 0.464 0.492 0.476 0.505 0.479 0.433 0.566 0.47 0.583 0.671 0.674 0.684

Epi TN 534.18 412.49 377.47 338.41 270.80 326.75 275.69 325.96 398.33 559.96 623.92 626.49 645.20
Hypo TN 672.02 631.45 638.52 632.93 549.11 345.63 625.51 562.22 419.98 562.77 654.74 641.00 660.27
Whole TN 582.32 495.21 503.13 453.28 379.97 372.96 392.11 404.27 425.37 562.64 638.01 640.76 656.72
Depth (m) 4-Apr-00 2-May-00 13-Jun-00 5-Jul-00 8-Aug-00 6-Sep-00 3-Oct-00 31-Oct-00 4-Dec-00 3-Jan-01 31-Jan-01 27-Feb-01 3-Jan-01
1 0.551 0.529 0.533 0.452 0.293 0.273 0.292 0.284 0.365 0.388 0.408 0.393 0.388

5 0.658 0.616 0.51 0.409 0.297 0.269 0.318 0.306 0.353 0.379 0.412 0.412 0.379

10 0.665 0.659 0.528 0.536 0.489 0.401 0.29 0.324 0.314 0.374 0.415 0.408 0.374

15 0.658 0.66 0.64 0.619 0.637 0.591 0.621 0.52 0.356 0.381 0.418 0.403 0.381

20 0.68 0.694 0.647 0.661 0.646 0.553 0.609 0.384 0.354 0.383 0.415 0.455 0.383

25 0.67 0.692 0.622 0.569 0.593 0.51 0.554 0.405 0.317 0.359 0.442 0.442 0.359

Epi TN 630.14 601.39 520.20 448.20 337.31 298.57 304.82 303.84 347.88 380.39 411.55 405.92 380.39
Hypo TN 661.86 667.16 639.30 619.94 634.26 579.01 613.56 492.52 352.30 379.31 419.74 413.07 379.31
Whole TN 648.43 637.31 566.99 524.55 466.57 410.63 419.06 362.13 343.89 378.27 416.18 415.26 378.27
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Lake Sammamish Total Nitrogen

40f 7

Depth (m) 31-Jan-01 27-Feb-01 3-Apr-01 2-May-01 30-May-01 2-Jul-01 7-Aug-01 5-Sep-01 2-Oct-01 6-Nov-01 3-Dec-01 9-Jan-02 28-Jan-02
1 0.408 0.393 0.366 0.354 0.301 0.167 0.188 0.217 0.162 0.219 0.354 0.486 0.515

5 0.412 0.412 0.377 0.352 0.319 0.185 0.19 0.166 0.165 0.212 0.354 0.47 0.53

10 0.415 0.408 0.388 0.37 0.345 0.32 0.254 0.229 0.152 0.235 0.371 0.477 0.538

15 0.418 0.403 0.399 0.361 0.356 0.375 0.357 0.366 0.287 0.238 0.371 0.477 0.515

20 0.415 0.455 0.403 0.391 0.371 0.372 0.335 0.34 0.295 0.315 0.411 0.477 0.515

25 0.442 0.442 0.423 0.397 0.375 0.35 0.357 0.478 0.408 0.429 0.411 0.483 0.575

Epi TN 411.55 405.92 376.35 356.43 319.67 209.18 203.25 193.59 161.37 218.88 357.67 475.90 527.61
Hypo TN 419.74 413.07 401.63 368.00 359.59 372.41 354.20 372.57 298.70 264.67 379.63 477.53 520.29
Whole TN 416.18 415.26 389.03 366.71 340.03 282.29 265.43 271.07 221.36 255.15 373.00 476.98 529.13
Depth (m) 5-Mar-02 2-Apr-02 7-May-02 4-Jun-02 1-Jul-02 7-Aug-02 4-Sep-02 7-Oct-02 4-Nov-02 3-Dec-02 7-Jan-03 5-Feb-03 4-Mar-03
1 0.577 0.476 0.473 0.36 0.313 0.226 0.201 0.202 0.234 0.265 0.365 0.457 0.41

5 0.572 0.494 0.491 0.366 0.356 0.231 0.212 0.201 0.243 0.259 0.354 0.454 0.416

10 0.571 0.495 0.493 0.469 0.44 0.421 0.367 0.21 0.239 0.261 0.346 0.397 0.399

15 0.596 0.533 0.523 0.499 0.485 0.499 0.475 0.419 0.479 0.264 0.347 0.422 0.395

20 0.594 0.561 0.516 0.49 0.439 0.508 0.463 0.416 0.398 0.267 0.335 0.402 0.407

25 0.607 0.602 0.537 0.398 0.347 0.428 0.37 0.378 0.57 0.27 0.372 0.388 0.423

Epi TN 573.16 489.27 486.49 386.57 362.31 270.61 242.41 203.22 239.67 261.08 355.29 442.53 410.69
Hypo TN 596.72 542.66 523.34 488.94 466.96 493.88 464.21 415.00 476.71 264.91 347.68 416.45 399.00
Whole TN 582.58 516.75 501.73 428.40 399.53 369.50 334.57 283.97 330.60 263.14 351.82 42431 407.48
Depth (m) 8-Apr-03 6-May-03 4-Jun-03 8-Jul-03 5-Aug-03 3-Sep-03 6-Oct-03 4-Nov-03 1-Dec-03 8-Jan-04 3-Feb-04 2-Mar-04 5-Apr-04
1 0.461 0.478 0.422 0.28 0.18 0.212 0.23 0.319 0.41 0.477 0.504 0.582 0.501

5 0.462 0.489 0.431 0.305 0.199 0.209 0.208 0.288 0.438 0.446 0.492 0.567 0.477

10 0.472 0.496 0.473 0.427 0.392 0.394 0.214 0.284 0.426 0.441 0.471 0.521 0.515

15 0.458 0.499 0.477 0.488 0.498 0.492 0.45 0.272 0.406 0.45 0.489 0.51 0.522

20 0.459 0.488 0.49 0.458 0.465 0.475 0.419 0.333 0.399 0.445 0.503 0.555 0.543

25 0.483 0.501 0.531 0.46 0.439 0.432 0.441 0.455 0.415 0.46 0.524 0.574 0.552

Epi TN 463.88 487.49 437.59 324.45 235.41 249.73 215.33 295.65 427.73 453.43 490.76 561.20 491.78
Hypo TN 460.33 497.77 483.42 481.71 488.59 484.54 445.25 295.92 405.90 450.25 493.87 521.38 527.32
Whole TN 464.78 491.58 463.05 392.07 343.88 351.03 301.88 309.66 418.98 451.10 493.07 548.82 511.32
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Lake Sammamish Total Nitrogen

50of7

Depth (m) 3-May-04 7-Jun-04 7-Jul-04 2-Aug-04 8-Sep-04 5-Oct-04 3-Nov-04 15-Dec-04 4-Jan-05 8-Feb-05 8-Mar-05 5-Apr-05 3-May-05
1 0.424 0.382 0.255 0.213 0.238 0.22 0.296 0.376 0.469 0.521 0.505 0.47 0.385

5 0.418 0.37 0.257 0.201 0.205 0.222 0.29 0.373 0.478 0.482 0.475 0.462 0.405

10 0.459 0.494 0.451 0.429 0.269 0.215 0.267 0.376 0.498 0.51 0.475 0.453 0.399

15 0.513 0.554 0.552 0.52 0.495 0.471 0.283 0.382 0.506 0.477 0.534 0.501 0.446

20 0.529 0.556 0.531 0.505 0.492 0.43 0.419 0.374 0.496 0.489 0.489 0.495 0.436

25 0.534 0.567 0.477 0.405 0.403 0.415 0.658 0.388 0.533 0.526 0.481 0.537 0.481

Epi TN 428.49 400.04 298.29 253.47 227.86 219.94 286.69 374.47 479.84 498.75 483.24 462.25 398.22
Hypo TN 516.89 555.40 542.71 507.94 486.50 460.83 333.42 381.51 507.11 482.85 523.59 503.41 447.81
Whole TN 468.47 470.91 403.03 362.67 327.49 306.99 334.71 377.06 492.99 497.36 491.59 478.90 418.78
Depth (m) 7-Jun-05 7-Jul-05 2-Aug-05 7-Sep-05 4-Oct-05 8-Nov-05 6-Dec-05 4-Jan-06 7-Feb-06 7-Mar-06 4-Apr-06 3-May-06 6-Jun-06
1 0.336 0.239 0.238 0.172 0.143 0.335 0.395 0.442 0.636 0.66 0.521 0.539 0.479

5 0.347 0.261 0.217 0.19 0.155 0.301 0.436 0.448 0.686 0.656 0.612 0.595 0.479

10 0.442 0.509 0.395 0.233 0.166 0.308 0.428 0.436 0.666 0.713 0.677 0.504 0.585

15 0.467 0.527 0.517 0.488 0.38 0.317 0.471 0.428 0.689 0.718 0.681 0.578 0.575

20 0.469 0.526 0.491 0.474 0.403 0.488 0.387 0.445 0.684 0.717 0.7 0.677 0.537

25 0.503 0.534 0.511 0.417 0.349 0.435 0.381 0.424 0.693 0.696 0.673 0.614 0.484

Epi TN 364.47 308.45 261.16 194.33 154.08 311.84 423.02 443.76 667.96 669.39 601.04 560.00 501.86
Hypo TN 470.43 527.49 513.16 479.95 380.20 349.21 452.35 429.81 688.72 715.93 682.72 593.79 562.13
Whole TN 415.71 414.24 370.40 304.52 243.58 346.32 42321 438.69 675.68 690.60 641.57 577.53 525.57
Depth (m) 5-Jul-06 8-Aug-06 5-Sep-06 3-Oct-06 8-Nov-06 5-Dec-06 4-Jan-07 12-Feb-07 13-Mar-07 11-Apr-07 15-May-07 12-Jun-07 10-Jul-07
1 0.426 0.309 0.264 0.184 0.28 0.439 0.516 0.591 0.557 0.553 0.48 0.445 0.267

5 0.447 0.32 0.262 0.184 0.287 0.451 0.506 0.572 0.559 0.581 0.582 0.456 0.329

10 0.605 0.526 0.453 0.345 0.316 0.448 0.494 0.561 0.558 0.574 0.533 0.473 0.522

15 0.62 0.58 0.52 0.488 0.622 0.463 0.514 0.582 0.555 0.576 0.546 0.557 0.595

20 0.585 0.498 0.51 0.408 0.445 0.454 0.519 0.586 0.572 0.59 0.561 0.557 0.568

25 0.481 0.374 0.472 0.251 0.425 0.481 0.526 0.594 0.572 0.598 0.541 0.524 0.537

Epi TN 475.31 361.41 303.75 218.73 291.33 447.06 506.16 574.84 558.24 571.80 543.43 456.65 353.61
Hypo TN 603.27 551.37 514.49 456.89 582.06 463.44 515.70 583.57 558.67 579.73 547.47 554.09 586.44
Whole TN 527.65 433.92 397.39 304.64 382.02 453.82 509.73 577.85 560.69 577.46 544.89 494.45 455.86

18




Lake Sammamish Total Nitrogen

6 of 7

Depth (m) 14-Aug-07 11-Sep-07 3-Oct-07 14-Nov-07 11-Dec-07 15-Jan-08 12-Feb-08 12-Mar-08 15-Apr-08 13-May-08 9-Jun-08 15-Jul-08 12-Aug-08
1 0.228 0.218 0.262 0.307 0.412 0.475 0.503 0.496 0.442 0.418 0.402 0.232 0.191
5 0.247 0.228 0.268 0.34 0.416 0.472 0.486 0.497 0.441 0.392 0.409 0.26 0.287
10 0.435 0.34 0.383 0.305 0.407 0.461 0.456 0.502 0.487 0.414 0.423 0.44 0.489
15 0.57 0.553 0.602 0.31 0.39 0.432 0.489 0.461 0.49 0.427 0.452 0.443 0.515
20 0.536 0.539 0.489 0.3 0.412 0.481 0.485 0.503 0.511 0.423 0.46 0.444 0.462
25 0.448 0.44 0.413 0.326 0.465 0.466 0.49 0.503 0.526 0.44 0.454 0.438 0.435
Epi TN 282.33 249.41 291.16 323.39 412.96 470.45 484.20 497.80 451.20 403.88 410.10 291.14 304.22
Hypo TN 554.90 541.25 570.92 310.14 399.42 441.25 488.58 470.06 495.85 427.64 453.20 442.69 501.19
Whole TN 394.39 364.88 389.87 316.47 413.02 463.94 482.82 493.11 475.88 414.56 428.95 364.93 390.81
Depth (m) 9-Sep-08 14-Oct-08 13-Nov-08 9-Dec-08 13-Jan-09 10-Feb-09 10-Mar-09 24-Mar-09 14-Apr-09 28-Apr-09 12-May-09 27-May-09 9-Jun-09
1 0.192 0.209 0.318 0.352 0.448 0.497 0.465 0.506 0.508 0.419 0.469 0.386 0.345
5 0.197 0.217 0.311 0.349 0.472 0.476 0.515 0.418 0.39 0.341 0.343
10 0.267 0.225 0.345 0.35 0.44 0.493 0.511 0.434 0.514 0.535 0.378
15 0.458 0.362 0.447 0.366 0.419 0.491 0.506 0.462 0.484 0.497 0.504
20 0.451 0.42 0.419 0.368 0.486 0.487 0.515 0.585 0.544 0.537 0.536
25 0.412 0.406 0.415 0.41 0.754 0.497 0.467 0.478 0.516 0.511 0.474 0.462 0.582
Epi TN 210.73 216.53 320.25 350.04 448.00 497.00 463.18 487.90 512.22 421.73 438.43 395.20 351.10
Hypo TN 453.05 373.27 440.61 370.14 754.00 497.00 431.77 489.34 508.03 482.00 490.76 499.01 514.96
Whole TN 307.74 285.61 365.64 360.48 601.00 497.00 456.66 487.93 511.74 459.06 470.66 450.93 424.60
Depth (m) 23-Jun-09 14-Jul-09 28-Jul-09 13-Aug-09 25-Aug-09 15-Sep-09 29-Sep-09 13-Oct-09 27-0Oct-09 10-Nov-09 22-Dec-09 12-Jan-10 9-Feb-10
1 0.281 0.236 0.204 0.206 0.195 0.199 0.206 0.261 0.228 0.281 0.384 0.389 0.414

5 0.283 0.249 0.202 0.258 0.212 0.214 0.195 0.223 0.23 0.285

10 0.404 0.293 0.328 0.377 0.288 0.293 0.204 0.26 0.232 0.277

15 0.471 0.443 0.45 0.427 0.437 0.435 0.442 0.427 0.371 0.291

20 0.466 0.466 0.399 0.416 0.395 0.45 0.427 0.422 0.451 0.356
25 0.437 0.403 0.386 0.378 0.358 0.375 0.461 0.307 0.349 0.357 0.384 0.403 0.405
Epi TN 308.55 254.92 229.73 269.39 223.73 226.92 199.96 241.41 229.88 282.18 384.00 389.00 414.00
Hypo TN 467.36 442.40 437.85 421.27 424.68 431.62 441.76 415.77 379.25 305.11 384.00 403.00 405.00
Whole TN 377.74 331.47 313.07 335.78 300.76 311.23 294.52 304.20 293.55 299.49 384.00 396.00 409.50
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Lake Sammamish Total Nitrogen

7 of 7
Depth (m) 9-Mar-10 23-Mar-10 14-Apr-10 27-Apr-10 11-May-10  26-May-10 14-Jun-10 30-Jun-10 14-Jul-10 28-Jul-10 11-Aug-10 25-Aug-10 15-Sep-10
1 0.395 0.422 0.373 0.462 0.507 0.324 0.344 0.336 0.251 0.202 0.219 0.194 0.189
5 0.375 0.425 0.372 0.447 0.439 0.354 0.33 0.327 0.318 0.256 0.208 0.212 0.195
10 0.377 0.425 0.379 0.406 0.357 0.344 0.384 0.436 0.445 0.39 0.445 0.344 0.229
15 0.35 0.422 0.388 0.425 0.398 0.428 0.362 0.414 0.518 0.418 0.415 0.435 0.421
20 0.401 0.407 0.389 0.409 0.382 0.376 0.375 0.398 0.376 0.392 0.364 0.409 0.365
25 0.386 0.464 0.419 0.438 0.385 0.364 0.36 0.368 0.364 0.343 0.386 0.328 0.332
Epi TN 380.92 42418 373.78 442.27 439.98 343.61 345.49 352.98 327.00 270.08 262.14 235.53 200.69
Hypo TN 359.68 423.79 390.86 42411 394.81 415.73 363.48 407.90 486.31 408.07 405.94 422.25 406.01
Whole TN 378.34 425.24 382.77 431.00 412.06 364.04 357.29 378.86 380.97 329.63 330.80 311.16 274.15
Depth (m) 29-Sep-10 13-Oct-10 27-Oct-10 9-Nov-10 14-Dec-10 11-Jan-11 15-Feb-11 15-Mar-11 29-Mar-11 12-Apr-11 26-Apr-11 10-May-11 24-May-11
1 0.156 0.209 0.264 0.277 0.412 0.458 0.512 0.551 0.525 0.493 0.428 0.445 0.449
5 0.183 0.213 0.59 0.543 0.523 0.51 0.456 0.448 0.445
10 0.198 0.212 0.274 0.525 0.503 0.515 0.454 0.445 0.445
15 0.397 0.444 0.282 0.552 0.537 0.495 0.467 0.479 0.439
20 0.353 0.403 0.396 0.532 0.505 0.504 0.483 0.463 0.437
25 0.283 0.281 0.345 0.313 0.414 0.44 0.51 0.536 0.502 0.535 0.481 0.459 0.437
Epi TN 178.82 211.69 432.35 277.00 412.00 458.00 512.00 541.31 519.24 506.41 447.88 446.53 446.10
Hypo TN 381.33 424.39 302.09 313.00 414.00 440.00 510.00 548.04 529.83 499.68 470.27 475.20 438.57
Whole TN 249.85 282.32 378.37 295.00 413.00 449.00 511.00 539.81 517.23 507.59 459.29 455.16 442.78
Depth (m) 14-Jun-11 29-Jun-11 12-Jul-11 10-Aug-11 24-Aug-11 14-Sep-11 28-Sep-11 13-Oct-11 25-Oct-11 15-Nov-11 13-Dec-11
1 0.463 0.351 0.318 0.249 0.203 0.202 0.204 0.213 0.257 0.288 0.367
5 0.408 0.379 0.333 0.249 0.209 0.197 0.213 0.231 0.228
10 0.428 0.469 0.424 0.423 0.435 0.349 0.199 0.232 0.223
15 0.423 0.483 0.486 0.453 0.475 0.465 0.438 0.436 0.491
20 0.425 0.451 0.458 0.444 0.462 0.442 0.396 0.401 0.418
25 0.416 0.442 0.416 0.418 0.398 0.376 0.345 0.354 0.338 0.347 0.387
Epi TN 427.41 390.73 348.51 286.53 256.10 231.16 207.51 226.27 234.88 288.00 367.00
Hypo TN 422.64 475.30 476.25 448.76 466.55 454.22 424.44 424.30 468.20 347.00 387.00
Whole TN 425.38 426.69 399.74 360.78 350.74 323.14 282.72 296.71 310.32 317.50 377.00
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Lake Sammamish Soluble Reactive Phosphorus

1of13

Depth (m) 7-Jan-82 9-Feb-82 3-Mar-82 16-Mar-82 15-Apr-82 27-Apr-82 13-May-82 25-May-82 8-Jun-82 29-Jun-82 12-Jul-82 27-Jul-82 10-Aug-82
1 0.019 0.018 0.012 0.012 0.005 0.004 0.005 0.003 0.003 0.003 0.004 0.003 0.006

5 0.02 0.019 0.017 0.014 0.007 0.006 0.005 0.002 0.003 0.002 0.003 0.004 0.002

10 0.018 0.018 0.018 0.018 0.008 0.005 0.002 0.002 0.004 0.002 0.003 0.003 0.003

15 0.018 0.02 0.02 0.02 0.008 0.006 0.002 0.003 0.006 0.001 0.003 0.003 0.002

20 0.018 0.02 0.018 0.021 0.008 0.008 0.003 0.006 0.011 0.005 0.004 0.004 0.003

25 0.018 0.02 0.02 0.023 0.01 0.011 0.008 0.012 0.02 0.014 0.012 0.006 0.007

Epi SRP 19.08 18.43 16.20 14.92 6.89 5.20 3.97 2.23 3.34 2.23 3.23 343 3.26
Hypo SRP 18.00 20.00 19.33 21.03 8.46 7.82 3.72 6.08 10.90 5.33 5.41 4.03 3.49
Whole SRP 18.66 19.04 17.42 17.30 7.50 6.22 3.87 3.73 6.29 3.44 4.08 3.66 3.35
Depth (m) 24-Aug-82 8-Sep-82 28-Sep-82 12-Oct-82 25-Oct-82 8-Nov-82 23-Nov-82 8-Dec-82 21-Dec-82 18-Jan-83 7-Feb-83 23-Feb-83 8-Mar-83
1 0.003 0.003 0.001 0.004 0.005 0.004 0.008 0.01 0.013 0.016 0.005 0.007 0.002

5 0.002 0.003 0.001 0.003 0.004 0.005 0.009 0.01 0.011 0.016 0.008 0.007 0.001

10 0.002 0.002 0.001 0.003 0.004 0.004 0.008 0.011 0.011 0.016 0.009 0.008 0.002

15 0.002 0.003 0.001 0.006 0.012 0.006 0.009 0.011 0.009 0.018 0.009 0.01 0.003

20 0.002 0.003 0.008 0.01 0.019 0.014 0.009 0.012 0.01 0.02 0.011 0.01 0.005

25 0.005 0.009 0.007 0.035 0.035 0.018 0.02 0.011 0.012 0.018 0.011 0.01 0.005

Epi SRP 2.23 2.66 1.00 3.23 4.23 4.43 8.43 10.34 11.46 16.00 7.66 7.34 1.57
Hypo SRP 2.69 4.38 4.72 14.03 19.64 11.44 11.54 11.33 10.03 18.67 10.13 10.00 4.13
Whole SRP 241 3.33 2.45 7.44 10.24 7.16 9.64 10.73 10.90 17.04 8.62 8.38 2.57
Depth (m) 22-Mar-83 11-Apr-83 25-Apr-83 9-May-83 23-May-83 6-Jun-83 20-Jun-83 5-Jul-83 25-Jul-83 9-Aug-83 22-Aug-83 12-Sep-83 26-Sep-83
1 0.002 0.002 0.002 0.001 0.001 0.001 0.001 0.002 0.002 0.001 0.002 0.003 0.002

5 0.002 0.002 0.002 0.001 0.001 0.001 0.001 0.001 0.032 0.002 0.001 0.002 0.002

10 0.002 0.002 0.003 0.001 0.001 0.001 0.001 0.001 0.002 0.001 0.001 0.002 0.002

15 0.002 0.002 0.004 0.003 0.002 0.002 0.001 0.001 0.002 0.001 0.002 0.001 0.004

20 0.004 0.005 0.003 0.004 0.005 0.005 0.006 0.002 0.003 0.001 0.001 0.001 0.004

25 0.003 0.012 0.01 0.012 0.018 0.013 0.014 0.007 0.003 0.004 0.002 0.006 0.025

Epi SRP 2.00 2.00 2.34 1.00 1.00 1.00 1.00 1.23 14.79 1.43 1.23 2.23 2.00
Hypo SRP 2.90 531 5.05 5.41 6.69 5.54 5.67 2.72 2.56 1.69 1.67 2.15 8.85
Whole SRP 2.35 3.29 3.40 2.72 3.22 2.77 2.82 1.81 10.02 1.53 1.40 2.20 4.67
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Lake Sammamish Soluble Reactive Phosphorus

2 0of 13

Depth (m) 10-Oct-83 24-Oct-83 8-Nov-83 21-Nov-83 5-Dec-83 9-Jan-84 8-Feb-84 21-Feb-84 5-Mar-84 16-Apr-84 9-May-84  22-May-84 5-Jun-84
1 0.001 0.001 0.003 0.005 0.009 0.014 0.01 0.01 0.015 0.006 0.006 0.001 0.003

5 0.001 0.002 0.002 0.005 0.007 0.011 0.011 0.01 0.011 0.007 0.007 0.001 0.001

10 0.001 0.001 0.002 0.005 0.007 0.011 0.012 0.01 0.011 0.007 0.005 0.001 0.001

15 0.001 0.002 0.002 0.005 0.007 0.011 0.011 0.009 0.011 0.007 0.006 0.001 0.001

20 0.005 0.02 0.009 0.006 0.007 0.012 0.011 0.007 0.011 0.01 0.007 0.001 0.001

25 0.031 0.085 0.046 0.01 0.007 0.011 0.012 0.009 0.011 0.014 0.009 0.001 0.005

Epi SRP 1.00 1.43 2.23 5.00 7.46 11.69 11.11 10.00 11.92 6.77 6.08 1.00 1.46
Hypo SRP 9.26 27.15 14.49 6.49 7.00 11.33 11.23 8.33 11.00 9.62 7.03 1.00 1.92
Whole SRP 4.22 11.46 7.01 5.58 7.28 11.55 11.16 9.35 11.56 7.88 6.45 1.00 1.64
Depth (m) 19-Jun-84 10-Jul-84 24-Jul-84 7-Aug-84 22-Aug-84 12-Sep-84 26-Sep-84 10-Oct-84 24-Oct-84 7-Nov-84 27-Nov-84 5-Dec-84 27-Dec-84
1 0.001 0.001 0.001 0.001 0.001 0.002 0.001 0.001 0.001 0.011 0.013 0.009 0.011

5 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.012 0.013 0.01 0.011

10 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.011 0.012 0.011 0.011

15 0.001 0.001 0.001 0.001 0.001 0.006 0.003 0.001 0.001 0.011 0.012 0.01 0.011

20 0.001 0.001 0.002 0.001 0.004 0.007 0.013 0.001 0.043 0.011 0.011 0.01 0.01

25 0.007 0.005 0.012 0.005 0.003 0.024 0.03 0.146 0.239 0.014 0.012 0.009 0.011

Epi SRP 1.00 1.00 1.00 1.00 1.00 1.23 1.00 1.00 1.00 11.43 12.66 10.11 11.00
Hypo SRP 2.38 1.92 3.87 1.92 2.46 10.49 12.56 34.46 69.92 11.69 11.67 9.77 10.67
Whole SRP 1.54 1.36 2.12 1.36 1.57 4.84 5.51 14.05 27.88 11.53 12.27 9.98 10.87
Depth (m) 9-Jan-85 30-Jan-85 6-Feb-85 20-Feb-85 27-Mar-85 10-Apr-85 24-Apr-85 9-May-85 22-May-85 4-Jun-85 19-Jun-85 24-Jul-85 7-Aug-85
1 0.01 0.006 0.007 0.006 0.003 0.004 0.007 0.007 0.014 0.005 0.001 0.001 0.001

5 0.011 0.004 0.012 0.004 0.004 0.004 0.006 0.008 0.005 0.002 0.001 0.001 0.001

10 0.01 0.004 0.009 0.003 0.007 0.005 0.002 0.007 0.005 0.001 0.001 0.001 0.001

15 0.01 0.005 0.005 0.002 0.005 0.002 0.003 0.01 0.003 0.002 0.001 0.001 0.001

20 0.01 0.004 0.005 0.001 0.006 0.002 0.006 0.006 0.003 0.004 0.005 0.005 0.001

25 0.01 0.002 0.006 0.001 0.006 0.004 0.006 0.009 0.003 0.005 0.005 0.026 0.013

Epi SRP 10.43 4.46 9.82 4.11 4.80 4.34 4.85 7.43 7.07 2.34 1.00 1.00 1.00
Hypo SRP 10.00 3.97 5.23 1.44 5.56 2.46 4.69 8.44 3.00 3.36 3.26 8.10 3.77
Whole SRP 10.26 4.27 8.03 3.07 5.10 3.61 4.79 7.82 5.48 2.74 1.88 3.77 2.08
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Lake Sammamish Soluble Reactive Phosphorus
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Depth (m) 21-Aug-85 11-Sep-85 25-Sep-85 9-Oct-85 22-Oct-85 14-Nov-85 3-Dec-85 18-Dec-85 8-Jan-86 23-Jan-86 5-Feb-86 25-Feb-86 12-Mar-86
1 0.001 0.001 0.001 0.001 0.001 0.006 0.01 0.001 0.008 0.01 0.007 0.009 0.008

5 0.001 0.001 0.001 0.001 0.001 0.006 0.009 0.001 0.008 0.01 0.008 0.007 0.012

10 0.001 0.001 0.001 0.001 0.001 0.006 0.011 0.001 0.008 0.011 0.009 0.014 0.006

15 0.001 0.006 0.004 0.002 0.001 0.005 0.011 0.001 0.009 0.011 0.007 0.009 0.004

20 0.002 0.005 0.007 0.018 0.023 0.006 0.011 0.001 0.01 0.013 0.01 0.012 0.004

25 0.029 0.028 0.03 0.14 0.126 0.015 0.011 0.001 0.01 0.011 0.01 0.012 0.007

Epi SRP 1.00 1.00 1.00 1.00 1.00 6.00 9.92 1.00 8.00 10.34 8.11 9.87 9.02
Hypo SRP 7.79 10.74 11.00 39.18 37.18 7.64 11.00 1.00 9.56 11.67 8.69 10.69 4.69
Whole SRP 3.65 4.80 4.90 15.89 15.11 6.64 10.34 1.00 8.61 10.86 8.34 10.19 7.33
Depth (m) 26-Mar-86 23-Apr-86 7-May-86 21-May-86 4-Jun-86 18-Jun-86 9-Jul-86 23-Jul-86 6-Aug-86 20-Aug-86 9-Sep-86 24-Sep-86 8-0Oct-86
1 0.003 0.001 0.001 0.001 0.001 0.001 0.002 0.001 0.001 0.001 0.002 0.001 0.001

5 0.002 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.002 0.001 0.001 0.001

10 0.003 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.003 0.001 0.001 0.001

15 0.003 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.002 0.001 0.001 0.001

20 0.002 0.001 0.001 0.001 0.001 0.002 0.001 0.001 0.002 0.003 0.001 0.003 0.011

25 0.001 0.001 0.002 0.001 0.005 0.008 0.012 0.009 0.013 0.017 0.009 0.049 0.117

Epi SRP 2.57 1.00 1.00 1.00 1.00 1.00 1.23 1.00 1.00 211 1.23 1.00 1.00
Hypo SRP 221 1.00 1.23 1.00 1.92 2.95 3.54 2.85 4.10 5.79 2.85 12.74 31.10
Whole SRP 243 1.00 1.09 1.00 1.36 1.76 2.13 1.72 221 3.55 1.86 5.58 12.74
Depth (m) 22-Oct-86 4-Nov-86 20-Nov-86 3-Dec-86 17-Dec-86 7-Jan-87 4-Feb-87 4-Mar-87 25-Mar-87 8-Apr-87 22-Apr-87 6-May-87 20-May-87
1 0.001 0.001 0.002 0.017 0.013 0.012 0.011 0.015 0.001 0.004 0.002 0.005 0.001

5 0.001 0.001 0.002 0.02 0.013 0.011 0.011 0.017 0.003 0.004 0.006 0.001 0.001

10 0.001 0.001 0.001 0.017 0.013 0.012 0.011 0.019 0.006 0.003 0.002 0.001 0.002

15 0.001 0.001 0.003 0.017 0.013 0.012 0.011 0.02 0.006 0.004 0.001 0.001 0.001

20 0.013 0.014 0.016 0.016 0.012 0.011 0.013 0.024 0.005 0.002 0.003 0.001 0.004

25 0.115 0.189 0.107 0.016 0.013 0.012 0.018 0.027 0.003 0.005 0.005 0.009 0.001

Epi SRP 1.00 1.00 1.66 18.28 13.00 11.57 11.00 17.23 3.57 3.66 3.70 1.92 1.34
Hypo SRP 31.31 48.72 31.33 16.44 12.67 11.67 13.28 22.95 4.97 3.56 2.59 2.85 2.00
Whole SRP 12.82 19.61 13.23 17.56 12.87 11.61 11.89 19.46 4.12 3.62 3.27 2.28 1.60
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Depth (m) 3-Jun-87 17-Jun-87 8-Jul-87 22-Jul-87 5-Aug-87 19-Aug-87 9-Sep-87 23-Sep-87 7-Oct-87 21-Oct-87 4-Nov-87 18-Nov-87 9-Dec-87
1 0.001 0.001 0.001 0.001 0.003 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.023
5 0.001 0.003 0.001 0.001 0.004 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.024
10 0.001 0.001 0.001 0.001 0.005 0.002 0.001 0.001 0.008 0.001 0.001 0.001 0.023
15 0.001 0.002 0.001 0.001 0.005 0.001 0.009 0.001 0.002 0.002 0.001 0.001 0.021
20 0.004 0.002 0.007 0.019 0.011 0.004 0.026 0.014 0.01 0.02 0.083 0.001 0.022
25 0.021 0.016 0.017 0.028 0.025 0.06 0.106 0.122 0.001 0.272 0.273 0.001 0.021
Epi SRP 1.00 1.85 1.00 1.00 4.11 1.34 1.00 1.00 341 1.00 1.00 1.00 23.43
Hypo SRP 6.62 5.23 6.69 13.23 11.62 15.62 37.05 33.26 4.44 70.31 91.10 1.00 21.33
Whole SRP 3.19 3.17 3.22 5.77 7.04 6.91 15.06 13.58 3.81 28.03 36.14 1.00 22.61
Depth (m) 6-Jan-88 3-Feb-88 2-Mar-88 23-Mar-88 6-Apr-88 20-Apr-88 3-May-88 18-May-88 8-Jun-88 22-Jun-88 6-Jul-88 20-Jul-88 3-Aug-88
1 0.013 0.015 0.006 0.009 0.005 0.001 0.001 0.002 0.002 0.001 0.004 0.002 0.001

5 0.014 0.019 0.006 0.01 0.007 0.007 0.001 0.008 0.002 0.001 0.001 0.001
10 0.013 0.015 0.006 0.007 0.003 0.003 0.001 0.001 0.001 0.001 0.001 0.001 0.001
15 0.014 0.017 0.009 0.006 0.002 0.002 0.001 0.001 0.001 0.001 0.001 0.001 0.001
20 0.013 0.014 0.012 0.005 0.006 0.001 0.001 0.001 0.004 0.001 0.001 0.001 0.001
25 0.012 0.015 0.014 0.005 0.01 0.004 0.001 0.001 0.004 0.003 0.008 0.016 0.001
Epi SRP 13.43 16.70 6.00 8.74 5.16 4.25 1.00 4.21 1.66 1.00 1.69 1.23 0.57
Hypo SRP 13.21 15.54 11.15 5.44 5.18 2.13 1.00 1.00 2.69 1.46 2.62 4.46 1.00
Whole SRP 13.34 16.25 8.01 7.45 5.17 342 1.00 2.96 2.06 1.18 2.05 2.49 0.74
Depth (m) 17-Aug-88 7-Sep-88 21-Sep-88 4-Oct-88 19-Oct-88 8-Nov-88 30-Nov-88 14-Dec-88 18-Jan-89 8-Feb-89 8-Mar-89 21-Mar-89 5-Apr-89
1 0.001 0.001 0.001 0.002 0.001 0.009 0.009 0.01 0.016 0.013 0.012 0.001 0.002
5 0.001 0.001 0.001 0.001 0.001 0.007 0.009 0.01 0.015 0.013 0.012 0.001 0.001
10 0.001 0.001 0.001 0.001 0.001 0.005 0.009 0.009 0.018 0.015 0.012 0.001 0.001
15 0.001 0.001 0.001 0.002 0.002 0.005 0.009 0.009 0.015 0.011 0.011 0.001 0.001
20 0.001 0.001 0.014 0.006 0.016 0.015 0.01 0.008 0.015 0.01 0.012 0.001 0.001
25 0.009 0.015 0.058 0.132 0.127 0.121 0.01 0.009 0.014 0.009 0.012 0.001 0.001
Epi SRP 1.00 1.00 1.00 1.23 1.00 6.77 9.00 9.66 16.26 13.69 12.00 1.00 1.23
Hypo SRP 2.85 4.23 18.49 33.33 35.51 35.10 9.56 8.67 14.77 10.21 11.56 1.00 1.00
Whole SRP 1.72 2.26 7.82 13.75 14.46 17.82 9.22 9.27 15.68 12.33 11.83 1.00 1.14
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Depth (m) 19-Apr-89 10-May-89 24-May-89 7-Jun-89 12-Jul-89 8-Aug-89 6-Sep-89 11-Oct-89 8-Nov-89 6-Dec-89 3-Jan-90 15-Feb-90 6-Mar-90
1 0.006 0.009 0.003 0.005 0.003 0.001 0.007 0.005 0.005 0.008 0.016 0.007 0.005

5 0.004 0.006 0.002 0.002 0.002 0.001 0.005 0.005 0.006 0.007 0.016 0.01 0.008

10 0.004 0.004 0.001 0.001 0.001 0.002 0.004 0.005 0.005 0.006 0.016 0.01 0.009

15 0.002 0.002 0.001 0.001 0.001 0.001 0.002 0.005 0.005 0.006 0.016 0.008 0.007

20 0.001 0.002 0.001 0.001 0.001 0.002 0.001 0.006 0.01 0.006 0.017 0.009 0.009

25 0.001 0.001 0.001 0.001 0.005 0.001 0.041 0.105 0.047 0.009 0.016 0.007 0.009

Epi SRP 4.46 6.00 1.89 2.34 1.89 1.34 5.11 5.00 5.43 6.89 16.00 9.31 7.66
Hypo SRP 1.44 1.77 1.00 1.00 1.92 1.33 10.67 28.41 16.36 6.69 16.33 8.10 8.13
Whole SRP 3.28 4.35 1.54 1.82 1.90 1.34 7.28 14.13 9.69 6.81 16.13 8.84 7.84
Depth (m) 20-Mar-90 3-Apr-90 17-Apr-90 8-May-90  22-May-90 5-Jun-90 11-Jul-90 8-Aug-90 5-Sep-90 10-Oct-90 7-Nov-90 8-Jan-91 5-Feb-91
1 0.008 0.005 0.012 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.009 0.008

5 0.011 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.006 0.009 0.008

10 0.015 0.005 0.007 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.009 0.008

15 0.009 0.007 0.007 0.005 0.005 0.032 0.005 0.005 0.005 0.005 0.006 0.009 0.009

20 0.012 0.008 0.014 0.005 0.005 0.005 0.005 0.005 0.005 0.006 0.013 0.013 0.009

25 0.012 0.01 0.011 0.014 0.015 0.012 0.012 0.005 0.012 0.014 0.018 0.008 0.008

Epi SRP 11.69 5.00 7.30 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.43 9.00 8.00
Hypo SRP 10.69 8.03 10.26 7.08 7.31 18.38 6.62 5.00 6.62 7.41 11.10 10.10 8.77
Whole SRP 11.30 6.18 8.45 5.81 5.90 10.22 5.63 5.00 5.63 5.94 7.64 9.43 8.30
Depth (m) 5-Mar-91 18-Mar-91 2-Apr-91 16-Apr-91 15-May-91 29-May-91 12-Jun-91 1-Jul-91 7-Aug-91 25-Sep-91 8-0Oct-91 5-Nov-91 3-Dec-91
1 0.007 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.01

5 0.007 0.006 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.009

10 0.007 0.006 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.008

15 0.008 0.007 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.009

20 0.009 0.007 0.007 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.008

25 0.009 0.012 0.007 0.007 0.005 0.005 0.005 0.005 0.005 0.02 0.024 0.016 0.011

Epi SRP 7.00 5.77 5.00 3.85 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 8.89
Hypo SRP 8.56 8.15 6.13 5.46 5.00 5.00 5.00 5.00 5.00 8.46 9.38 7.54 9.13
Whole SRP 7.61 6.70 5.44 4.48 5.00 5.00 5.00 5.00 5.00 6.35 6.71 5.99 8.98
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Lake Sammamish Soluble Reactive Phosphorus
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Depth (m) 6-Jan-92 5-Feb-92 3-Mar-92 26-Mar-92 7-Apr-92 21-Apr-92 5-May-92 19-May-92 2-Jun-92 7-Jul-92 4-Aug-92 9-Sep-92 6-Oct-92
1 0.005 0.006 0.005 0.005 0.005 0.005 0.015 0.005 0.005 0.005 0.027 0.005
5 0.005 0.006 0.005 0.005 0.005 0.005 0.013 0.005 0.005 0.005 0.005 0.026 0.005
10 0.005 0.006 0.006 0.005 0.005 0.005 0.012 0.005 0.005 0.005 0.005 0.025 0.005
15 0.005 0.006 0.01 0.005 0.005 0.005 0.014 0.005 0.005 0.005 0.005 0.023 0.005
20 0.005 0.007 0.012 0.008 0.005 0.006 0.019 0.005 0.005 0.005 0.005 0.024 0.005
25 0.005 0.007 0.013 0.01 0.005 0.011 0.025 0.018 0.014 0.008 0.011 0.023 0.009
Epi SRP 5.00 6.00 5.34 5.00 5.00 5.00 5.00 5.00 3.85 5.00 5.00
Hypo SRP 5.00 6.56 11.36 7.15 5.00 6.72 8.00 7.08 5.69 6.38 5.92
Whole SRP 5.00 6.22 7.69 5.84 5.00 5.67 6.17 5.81 4.57 5.54 5.36
Depth (m) 3-Nov-92 2-Dec-92 5-Jan-93 3-Feb-93 2-Mar-93 15-Mar-93 6-Apr-93 4-May-93 26-May-93 8-Jun-93 7-Jul-93 3-Aug-93 8-Sep-93
1 0.005 0.01 0.012 0.011 0.002 0.01 0.005 0.002 0.012 0.008 0.003 0.003 0.005
5 0.005 0.011
10 0.005 0.01 0.012 0.007 0.002 0.012 0.005 0.002 0.012 0.008 0.003 0.003 0.005
15 0.005 0.011
20 0.013 0.012
25 0.13 0.13 0.013 0.012 0.002 0.012 0.006 0.002 0.012 0.009 0.009 0.0089 0.005
Epi SRP 5.00 10.43 6.89 493 1.15 6.43 2.87 1.15 6.89 4.59 1.72 1.72 2.87
Hypo SRP 36.51 38.79 3.00 2.77 0.46 2.77 1.38 0.46 2.77 2.08 2.08 2.05 1.15
Whole SRP 17.29 21.49 5.37 4.09 0.88 5.00 2.29 0.88 5.28 3.61 1.86 1.85 2.20
Depth (m) 5-Oct-93 2-Nov-93 8-Dec-93 6-Jan-94 14-Feb-94 8-Mar-94 22-Mar-94 5-Apr-94 19-Apr-94 3-May-94  24-May-94 7-Jun-94 6-Jul-94
1 0.007 0.003 0.013 0.011 0.009 0.004 0.002 0.0047 0.002 0.002 0.002 0.002 0.002
5
10 0.007 0.003 0.012 0.009 0.01 0.004 0.003 0.0049 0.002 0.002 0.002 0.002 0.002
15
20
25 0.029 0.04 0.012 0.01 0.009 0.009 0.003 0.0047 0.002 0.002 0.002 0.002 0.00735
Epi SRP 4.02 1.72 7.11 5.62 5.51 2.30 1.49 2.77 1.15 1.15 1.15 1.15 1.15
Hypo SRP 6.69 9.23 2.77 231 2.08 2.08 0.69 1.08 0.46 0.46 0.46 0.46 1.70
Whole SRP 5.06 4.65 5.42 433 4.17 221 1.18 211 0.88 0.88 0.88 0.88 1.36
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Depth (m) 2-Aug-94 7-Sep-94 4-Oct-94 1-Nov-94 7-Dec-94 17-Jan-95 8-Feb-95 7-Mar-95 4-Apr-95 18-Apr-95 2-May-95 16-May-95 5-Jun-95
1 0.0027 0.002 0.00539 0.002 0.0121 0.00951 0.0106 0.00697 0.002 0.002 0.002 0.002 0.002

5 0.0037 0.002 0.002 0.002 0.002 0.002 0.002

10 0.0028 0.002 0.004 0.002 0.0115 0.00963 0.0104 0.00604 0.002 0.002 0.002 0.002 0.002

15 0.0056 0.002 0.0024 0.002 0.002 0.002 0.002

20 0.0109 0.00776 0.0038 0.002 0.002 0.002 0.002

25 0.0045 0.0038 0.0536 0.0514 0.0113 0.00919 0.012 0.00639 0.00678 0.002 0.0036 0.0023 0.0028

Epi SRP 1.58 1.15 4.19 2.00 6.74 5.50 6.01 3.68 2.00 2.00 2.00 2.00 2.00
Hypo SRP 1.04 0.88 18.44 15.32 2.61 2.12 2.77 1.47 3.88 2.00 2.37 2.07 2.18
Whole SRP 1.37 1.04 9.75 7.19 5.13 4.18 4.75 2.82 2.73 2.00 2.14 2.03 2.07
Depth (m) 10-Jul-95 1-Aug-95 12-Sep-95 2-Oct-95 9-Nov-95 5-Dec-95 3-Jan-96 7-Feb-96 6-Mar-96 21-Mar-96 10-Apr-96 30-Apr-96 8-May-96
1 0.002 0.0028 0.004 0.002 0.007 0.012 0.01 0.004 0.009 0.003 0.002 0.002 0.002

5 0.002 0.002 0.0022 0.002 0.007 0.013 0.01 0.003 0.01 0.002 0.002 0.002 0.004

10 0.002 0.0025 0.0039 0.002 0.008 0.013 0.012 0.004 0.01 0.003 0.002 0.002 0.004

15 0.002 0.002 0.0041 0.002 0.007 0.013 0.011 0.004 0.012 0.005 0.002 0.002 0.003

20 0.002 0.002 0.0026 0.002 0.014 0.012 0.011 0.005 0.012 0.011 0.007 0.003 0.004

25 0.00876 0.00624 0.00956 0.0477 0.012 0.013 0.011 0.006 0.012 0.014 0.007 0.005 0.005

Epi SRP 2.00 2.36 3.20 2.00 7.34 12.77 10.69 3.57 9.77 2.57 2.00 2.00 3.54
Hypo SRP 3.56 2.98 4.86 12.55 10.49 12.67 11.00 4.79 12.00 9.08 4.82 3.03 3.79
Whole SRP 2.61 2.60 3.85 6.11 8.57 12.73 10.81 4.05 10.64 5.11 3.10 2.40 3.64
Depth (m) 21-May-96 4-Jun-96 18-Jun-96 2-Jul-96 24-Jul-96 6-Aug-96 21-Aug-96 5-Sep-96 17-Sep-96 1-Oct-96 6-Nov-96 4-Dec-96 22-Jan-97
1 0.002 0.002 0.005 0.003 0.005 0.007 0.003 0.003 0.007 0.003 0.0037 0.0121 0.00994

5 0.002 0.002 0.002 0.002 0.003 0.004 0.003 0.002 0.004 0.002 0.0026 0.0122 0.0109

10 0.002 0.002 0.002 0.002 0.004 0.006 0.002 0.003 0.006 0.002 0.002 0.0113 0.0111

15 0.002 0.003 0.003 0.004 0.006 0.008 0.002 0.004 0.008 0.004 0.00541 0.0142 0.011

20 0.003 0.003 0.002 0.007 0.003 0.008 0.004 0.002 0.008 0.011 0.0142 0.0152 0.0103

25 0.009 0.01 0.004 0.013 0.003 0.013 0.009 0.003 0.013 0.009 0.0805 0.0156 0.0111

Epi SRP 2.00 2.00 2.69 2.23 3.80 5.38 2.66 2.57 5.38 2.23 2.65 11.87 10.75
Hypo SRP 3.95 4.62 2.90 7.08 431 9.15 4.28 3.10 9.15 7.49 25.67 14.86 10.79
Whole SRP 2.76 3.02 2.77 4.12 4.00 6.85 3.29 2.78 6.85 4.28 11.62 13.03 10.76
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Depth (m) 5-Feb-97 3-Mar-97 2-Apr-97 7-May-97 2-Jun-97 2-Jul-97 6-Aug-97 2-Sep-97 1-Oct-97 8-0Oct-97 5-Nov-97 3-Dec-97 7-Jan-98
1 0.0116 0.0221 0.0156 0.00505 0.00859 0.0043 0.00648 0.0037 0.0021 0.0029 0.00896 0.0114 0.0142

5 0.0118 0.0241 0.0162 0.003 0.00897 0.0145 0.00641 0.0045 0.002 0.0033 0.00723 0.0115 0.0143

10 0.012 0.0248 0.0168 0.00639 0.00626 0.0121 0.00635 0.00619 0.002 0.0038 0.00688 0.0118 0.0146

15 0.013 0.0235 0.0157 0.00655 0.00595 0.0119 0.0029 0.0047 0.0033 0.00558 0.00829 0.0123 0.0135

20 0.0121 0.0253 0.0163 0.00666 0.00705 0.0047 0.0033 0.004 0.0044 0.0146 0.0151 0.0116 0.014

25 0.0125 0.025 0.0188 0.0165 0.0117 0.0123 0.0143 0.0117 0.00528 0.0146 0.0242 0.0122 0.0146

Epi SRP 11.82 23.88 16.27 4.64 7.95 11.33 6.41 4.90 2.02 3.38 7.51 11.58 14.38
Hypo SRP 12.58 24.45 16.62 8.88 7.64 9.59 5.66 6.08 4.12 10.67 14.23 12.04 13.92
Whole SRP 12.12 24.10 16.40 6.29 7.83 10.65 6.12 5.36 2.84 6.22 10.13 11.76 14.20
Depth (m) 3-Feb-98 3-Mar-98 6-Apr-98 5-May-98 3-Jun-98 6-Jul-98 5-Aug-98 8-Sep-98 7-Oct-98 2-Nov-98 14-Dec-98 5-Jan-99 3-Feb-99
1 0.0101 0.0028 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.00836 0.00905 0.0126

5 0.0103 0.0023 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.00854 0.00922 0.0101

10 0.0104 0.0023 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.00815 0.0097 0.0101

15 0.0111 0.0026 0.002 0.0026 0.002 0.002 0.002 0.002 0.002 0.002 0.00848 0.00917 0.0101

20 0.00977 0.0029 0.002 0.0038 0.002 0.002 0.002 0.002 0.002 0.002 0.00898 0.00933 0.0101

25 0.0101 0.0036 0.002 0.00815 0.00877 0.00902 0.002 0.00865 0.0475 0.0228 0.0103 0.00934 0.0102

Epi SRP 10.29 241 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 8.36 9.35 10.67
Hypo SRP 10.43 2.93 2.00 4.28 3.56 3.62 2.00 3.53 12.50 6.80 9.07 9.26 10.12
Whole SRP 10.34 2.62 2.00 2.89 2.61 2.63 2.00 2.60 6.10 3.87 8.64 9.31 10.46
Depth (m) 2-Mar-99 6-Apr-99 5-May-99 8-Jun-99 7-Jul-99 3-Aug-99 24-Aug-99 8-Sep-99 14-Sep-99 28-Sep-99 5-Oct-99 14-Oct-99 2-Nov-99
1 0.00838 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.0023

5 0.00762 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.0024

10 0.00751 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.0024

15 0.0072 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.0025 0.002 0.0028 0.0029 0.0024

20 0.00755 0.002 0.002 0.002 0.002 0.002 0.0023 0.0028 0.0022 0.003 0.00543 0.00913 0.00855

25 0.00752 0.002 0.002 0.0039 0.002 0.0043 0.00789 0.00808 0.0113 0.0129 0.0133 0.00655 0.0125

Epi SRP 7.76 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.38
Hypo SRP 7.39 2.00 2.00 244 2.00 2.53 3.46 3.67 4.43 4.85 6.10 5.82 6.78
Whole SRP 7.61 2.00 2.00 2.17 2.00 221 2.57 2.65 2.95 311 3.60 3.49 4.09
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Depth (m) 7-Dec-99 5-Jan-00 8-Feb-00 7-Mar-00 4-Apr-00 2-May-00 13-Jun-00 5-Jul-00 8-Aug-00 6-Sep-00 3-Oct-00 31-Oct-00 4-Dec-00
1 0.00842 0.0104 0.00754 0.00605 0.0032 0.002 0.002 0.002 0.002 0.002 0.002 0.0031 0.01
5 0.00872 0.0106 0.00819 0.00607 0.003 0.002 0.002 0.002 0.002 0.002 0.002 0.003 0.00989
10 0.00909 0.0106 0.00872 0.00686 0.0044 0.002 0.002 0.002 0.002 0.002 0.002 0.0028 0.0102
15 0.00899 0.0107 0.00915 0.00708 0.00556 0.002 0.002 0.002 0.002 0.0021 0.002 0.00908 0.00977
20 0.00921 0.0106 0.009 0.00759 0.00647 0.002 0.002 0.002 0.002 0.00661 0.00776 0.00576 0.0101
25 0.00885 0.0107 0.00903 0.00792 0.00725 0.0056 0.0048 0.0029 0.002 0.00506 0.00845 0.129 0.0101
Epi SRP 8.78 10.55 8.22 6.34 3.53 2.00 2.00 2.00 2.00 2.00 2.00 2.95 10.02
Hypo SRP 9.03 10.67 9.07 7.44 6.25 2.83 2.65 221 2.00 4.29 5.41 35.65 9.96
Whole SRP 8.88 10.60 8.55 6.77 4.59 2.32 2.25 2.08 2.00 2.89 3.33 15.70 10.00
Depth (m) 3-Jan-01 31-Jan-01 27-Feb-01 3-Apr-01 2-May-01 30-May-01 2-Jul-01 7-Aug-01 5-Sep-01 2-Oct-01 6-Nov-01 3-Dec-01 9-Jan-02
1 0.0127 0.0109 0.0036 0.002 0.0035 0.002 0.002 0.002 0.002 0.0021 0.0043 0.00861 0.0175
5 0.0124 0.0111 0.0035 0.002 0.0026 0.002 0.002 0.002 0.002 0.002 0.0042 0.0111
10 0.0124 0.0111 0.0049 0.002 0.0021 0.002 0.002 0.002 0.002 0.002 0.0042 0.00863
15 0.0123 0.0111 0.00791 0.002 0.0023 0.002 0.002 0.002 0.002 0.0022 0.0042
20 0.0124 0.0115 0.00932 0.002 0.002 0.002 0.002 0.0029 0.002 0.0033 0.00785
25 0.0124 0.0114 0.00928 0.002 0.002 0.002 0.0026 0.00853 0.002 0.0148 0.0334 0.00846 0.0112
Epi SRP 12.47 11.05 4.00 2.00 2.63 2.00 2.00 2.00 2.00 2.02 4.22 4.95 8.75
Hypo SRP 12.36 11.30 8.70 2.00 2.13 2.00 2.14 3.81 2.00 5.47 12.16 1.95 2.58
Whole SRP 12.43 11.15 5.83 2.00 244 2.00 2.05 2.70 2.00 3.37 7.32 3.78 6.34
Depth (m) 28-Jan-02 5-Mar-02 2-Apr-02 7-May-02 4-Jun-02 1-Jul-02 7-Aug-02 4-Sep-02 7-Oct-02 4-Nov-02 3-Dec-02 7-Jan-03 5-Feb-03
1 0.0104 0.0039 0.002 0.0022 0.0027 0.002 0.0023 0.002 0.0024 0.002 0.0037 0.00693 0.0049
5 0.01 0.0042 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.0027 0.00904 0.00739
10 0.00999 0.0046 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.0024 0.00928 0.00732
15 0.0106 0.0049 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.0025 0.00954 0.00718
20 0.00993 0.005 0.002 0.002 0.002 0.002 0.002 0.002 0.00662 0.0027 0.0024 0.00887 0.00717
25 0.00981 0.00526 0.0025 0.0029 0.0031 0.00643 0.0035 0.00516 0.00886 0.0251 0.0047 0.00727 0.0049
Epi SRP 10.09 4.27 2.00 2.05 2.16 2.00 2.07 2.00 2.09 2.00 2.83 8.64 6.79
Hypo SRP 10.19 5.02 2.12 221 2.25 3.02 2.35 2.73 5.12 7.56 2,97 8.79 6.65
Whole SRP 10.13 4.56 2.05 211 2.20 2.40 2.18 2.28 3.27 4.17 2.88 8.70 6.74
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Depth (m) 4-Mar-03 8-Apr-03 6-May-03 4-Jun-03 8-Jul-03 5-Aug-03 3-Sep-03 6-Oct-03 4-Nov-03 1-Dec-03 8-Jan-04 3-Feb-04 2-Mar-04
1 0.0037 0.0024 0.002 0.0022 0.002 0.002 0.002 0.002 0.002 0.0107 0.0125 0.0136 0.0089

5 0.0031 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.0106 0.0137 0.0118 0.00926

10 0.0034 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.0021 0.0107 0.0125 0.0116 0.00977

15 0.0036 0.002 0.0025 0.002 0.0023 0.002 0.002 0.002 0.0021 0.0109 0.013 0.0119 0.011

20 0.0038 0.002 0.0026 0.002 0.002 0.002 0.002 0.00517 0.00847 0.0108 0.013 0.0115 0.0107

25 0.0044 0.0026 0.0022 0.003 0.0025 0.0021 0.0027 0.00517 0.00847 0.0113 0.0128 0.011 0.0112

Epi SRP 3.34 2.09 2.00 2.05 2.00 2.00 2.00 2.00 2.03 10.66 13.01 12.14 9.35
Hypo SRP 3.85 2.14 2.46 2.23 2.25 2.02 2.16 3.79 5.69 10.96 12.95 11.56 10.95
Whole SRP 3.54 211 2.18 2.12 2.10 2.01 2.06 2.70 3.46 10.78 12.99 11.92 9.97
Depth (m) 5-Apr-04 3-May-04 7-Jun-04 7-Jul-04 2-Aug-04 8-Sep-04 5-Oct-04 3-Nov-04 15-Dec-04 4-Jan-05 8-Feb-05 8-Mar-05 5-Apr-05
1 0.002 0.0027 0.002 0.002 0.002 0.002 0.002 0.0021 0.00754 0.0106 0.00851 0.002 0.002

5 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.00725 0.0108 0.00884 0.002 0.002

10 0.002 0.0029 0.002 0.002 0.002 0.002 0.002 0.0021 0.0075 0.0106 0.00921 0.0044 0.002

15 0.002 0.003 0.002 0.002 0.002 0.002 0.002 0.0023 0.00738 0.0105 0.00905 0.00768 0.002

20 0.0025 0.0032 0.0043 0.0025 0.002 0.0024 0.00542 0.00843 0.00735 0.0104 0.00938 0.00801 0.002

25 0.00544 0.0045 0.0026 0.0039 0.0024 0.0044 0.00557 0.0208 0.00833 0.0105 0.00944 0.00761 0.0025

Epi SRP 2.00 2.47 2.00 2.00 2.00 2.00 2.00 2.06 7.40 10.69 8.89 2.83 2.00
Hypo SRP 2.96 341 291 2.61 2.09 2.69 3.96 8.61 7.59 10.47 9.25 7.77 212
Whole SRP 2.37 2.84 2.35 2.24 2.04 2.27 2.77 461 7.48 10.60 9.03 4.76 2.05
Depth (m) 3-May-05 7-Jun-05 7-Jul-05 2-Aug-05 7-Sep-05 4-Oct-05 8-Nov-05 6-Dec-05 4-Jan-06 7-Feb-06 7-Mar-06 4-Apr-06 3-May-06
1 0.002 0.002 0.002 0.002 0.002 0.002 0.0027 0.00605 0.008175 0.0104 0.00508 0.002 0.002

5 0.002 0.002 0.002 0.002 0.002 0.002 0.0027 0.006 0.00813 0.0101 0.00552 0.002 0.002

10 0.002 0.002 0.002 0.002 0.002 0.002 0.0031 0.00592 0.00812 0.00994 0.00505 0.002 0.002

15 0.002 0.002 0.002 0.002 0.002 0.002 0.0033 0.00595 0.00826 0.01 0.0049 0.002 0.002

20 0.002 0.002 0.002 0.002 0.0021 0.0039 0.00866 0.00593 0.00884 0.0102 0.005 0.002 0.002

25 0.0044 0.0043 0.0028 0.00753 0.00801 0.0102 0.0141 0.00585 0.00827 0.0106 0.0049 0.0023 0.002

Epi SRP 2.00 2.00 2.00 2.00 2.00 2.00 2.84 5.98 8.14 10.11 5.26 2.00 2.00
Hypo SRP 2.55 2.53 2.18 3.28 3.42 4.53 7.58 5.92 8.46 10.21 4.93 2.07 2.00
Whole SRP 2.22 221 2.07 2.50 2.55 2.99 4.69 5.96 8.26 10.15 5.13 2.03 2.00
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Depth (m) 6-Jun-06 5-Jul-06 8-Aug-06 5-Sep-06 3-Oct-06 8-Nov-06 5-Dec-06 4-Jan-07 12-Feb-07 13-Mar-07 11-Apr-07 15-May-07 12-Jun-07
1 0.002 0.002 0.002 0.0067 0.002 0.002 0.0107 0.0131 0.009955 0.003 0.002 0.002 0.002

5 0.002 0.002 0.002 0.002 0.002 0.002 0.0111 0.0129 0.0103 0.0028 0.002 0.002 0.002

10 0.002 0.002 0.002 0.002 0.002 0.002 0.0111 0.0131 0.0104 0.0028 0.002 0.002 0.002

15 0.002 0.002 0.002 0.002 0.002 0.004 0.0109 0.0131 0.0115 0.0029 0.002 0.002 0.002

20 0.0024 0.002 0.002 0.0028 0.002 0.00545 0.0106 0.013 0.0118 0.0049 0.0035 0.002 0.002

25 0.00791 0.0041 0.0024 0.00802 0.0163 0.0697 0.0109 0.013 0.0117 0.00634 0.004 0.0023 0.005

Epi SRP 2.00 2.00 2.00 3.08 2.00 2.00 11.01 13.01 10.26 2.85 2.00 2.00 2.00
Hypo SRP 3.50 248 2.09 3.66 5.30 19.64 10.80 13.04 11.65 4.36 2.96 2.07 2.69
Whole SRP 2.58 2.19 2.04 3.30 3.29 8.88 10.93 13.03 10.80 3.44 2.38 2.03 2.27
Depth (m) 10-Jul-07 14-Aug-07 11-Sep-07 3-Oct-07 14-Nov-07 11-Dec-07 15-Jan-08 12-Feb-08 12-Mar-08 15-Apr-08  13-May-08 9-Jun-08 15-Jul-08
1 0.002 0.002 0.002 0.002 0.002 0.00554 0.00944 0.00804 0.0024 0.002 0.002 0.002 0.002

5 0.002 0.002 0.002 0.002 0.002 0.00551 0.00988 0.0105 0.0025 0.002 0.002 0.002 0.002

10 0.002 0.002 0.002 0.002 0.002 0.00546 0.00943 0.00825 0.0033 0.002 0.002 0.002 0.002

15 0.002 0.0036 0.002 0.002 0.002 0.0056 0.00952 0.00802 0.0037 0.002 0.002 0.002 0.002

20 0.002 0.002 0.002 0.002 0.002 0.00534 0.00934 0.00827 0.0042 0.002 0.002 0.002 0.002

25 0.002 0.0024 0.00578 0.00799 0.002 0.00544 0.00958 0.00615 0.00501 0.002 0.002 0.002 0.002

Epi SRP 2.00 2.00 2.00 2.00 2.00 5.50 9.62 9.16 2.75 2.00 2.00 2.00 2.00
Hypo SRP 2.00 2.79 2.87 3.38 2.00 5.48 9.47 7.67 4.17 2.00 2.00 2.00 2.00
Whole SRP 2.00 231 2.34 2.54 2.00 5.49 9.57 8.58 3.30 2.00 2.00 2.00 2.00
Depth (m) 12-Aug-08 9-Sep-08 14-Oct-08 13-Nov-08 9-Dec-08 13-Jan-09 10-Feb-09 10-Mar-09 24-Mar-09 14-Apr-09 28-Apr-09 12-May-09 27-May-09
1 0.002 0.002 0.002 0.0027 0.00804 0.00941 0.0102 0.00725 0.0033 0.002 0.0024 0.0021 0.0022

5 0.002 0.002 0.002 0.0034 0.00808 0.00673 0.0024 0.002 0.002 0.002 0.002

10 0.002 0.002 0.002 0.0043 0.0085 0.00662 0.0031 0.002 0.002 0.002 0.002

15 0.002 0.002 0.002 0.00695 0.00796 0.00672 0.0023 0.002 0.002 0.002 0.002

20 0.002 0.002 0.00988 0.0111 0.00729 0.00695 0.002 0.002 0.0022 0.002 0.002

25 0.002 0.002 0.0188 0.0205 0.0106 0.00771 0.0101 0.00676 0.002 0.0023 0.002 0.002 0.0021

Epi SRP 2.00 2.00 2.00 3.55 8.22 2.16 2.34 6.81 2.85 2.00 2.09 2.02 2.05
Hypo SRP 2.00 2.00 8.50 11.46 8.35 1.78 2.33 6.81 2.13 2.07 2.07 2.00 2.02
Whole SRP 2.00 2.00 4.54 6.63 8.27 2.01 2.34 6.81 2.57 2.03 2.08 2.01 2.04
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Depth (m) 9-Jun-09 23-Jun-09 14-Jul-09 28-Jul-09 13-Aug-09 25-Aug-09 15-Sep-09 29-Sep-09 13-Oct-09 27-0ct-09 10-Nov-09 22-Dec-09 12-Jan-10
1 0.002 0.002 0.0151 0.002 0.002 0.002 0.002 0.002 0.002 0.0022 0.0041 0.00814 0.0056

5 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.0022 0.0043

10 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.0023 0.0042

15 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.00673 0.0043

20 0.002 0.002 0.002 0.002 0.002 0.0021 0.002 0.0024 0.0042 0.00982 0.00628
25 0.002 0.0033 0.002 0.002 0.0021 0.004 0.00673 0.002 0.0126 0.011 0.00969 0.00819 0.00745
Epi SRP 2.00 2.00 5.01 2.00 2.00 2.00 2.00 2.00 2.00 2.23 4.22 8.14 5.60
Hypo SRP 2.00 2.30 2.00 2.00 2.02 2.49 3.09 2.13 5.18 8.75 6.20 8.19 7.45
Whole SRP 2.00 2.12 3.83 2.00 2.01 2.19 243 2.05 3.24 4.77 4.99 8.17 6.53
Depth (m) 9-Feb-10 9-Mar-10 23-Mar-10 14-Apr-10 27-Apr-10 11-May-10  26-May-10 14-Jun-10 30-Jun-10 14-Jul-10 28-Jul-10 11-Aug-10 25-Aug-10
1 0.0022 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
5 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
10 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
15 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
20 0.002 0.0026 0.002 0.002 0.002 0.0029 0.002 0.002 0.002 0.002 0.002 0.002
25 0.0037 0.0028 0.004 0.002 0.002 0.0042 0.0102 0.0115 0.00718 0.013 0.0175 0.0199 0.0117
Epi SRP 2.20 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Hypo SRP 3.70 2.18 2.66 2.00 2.00 2.51 4.19 4.19 3.20 4.54 5.58 6.13 4.24
Whole SRP 2.95 2.07 2.26 2.00 2.00 2.20 2.86 2.86 2.47 2.99 3.40 3.61 2.87
Depth (m) 15-Sep-10 29-Sep-10 13-Oct-10 27-Oct-10 9-Nov-10 14-Dec-10 11-Jan-11 15-Feb-11 15-Mar-11 29-Mar-11 12-Apr-11 26-Apr-11 10-May-11
1 0.002 0.002 0.002 0.0028 0.0034 0.00937 0.00972 0.00845 0.002 0.002 0.002 0.002 0.002
5 0.002 0.002 0.002 0.003 0.003 0.002 0.002 0.002 0.002 0.002
10 0.002 0.002 0.002 0.0032 0.0032 0.002 0.002 0.002 0.002 0.002
15 0.002 0.002 0.002 0.003 0.003 0.002 0.002 0.002 0.002 0.002
20 0.002 0.002 0.002 0.0056 0.0056 0.002 0.002 0.002 0.002 0.002
25 0.00532 0.0182 0.0132 0.00812 0.0137 0.00957 0.00991 0.00847 0.002 0.002 0.002 0.002 0.002
Epi SRP 2.00 2.00 2.00 3.02 3.16 9.37 9.72 8.45 2.00 2.00 2.00 2.00 2.00
Hypo SRP 2.77 5.74 4.58 5.05 6.34 9.57 9.91 8.47 2.00 2.00 2.00 2.00 2.00
Whole SRP 2.30 3.46 3.01 3.81 4.40 9.47 9.82 8.46 2.00 2.00 2.00 2.00 2.00
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Depth (m) 24-May-11 14-Jun-11 29-Jun-11 12-Jul-11 10-Aug-11 24-Aug-11 14-Sep-11 28-Sep-11 13-Oct-11 25-Oct-11 15-Nov-11 13-Dec-11
1 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.0021 0.00861

5 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002

10 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002

15 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002

20 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
25 0.002 0.0021 0.0039 0.0022 0.002 0.0044 0.0056 0.0046 0.0036 0.011 0.0104 0.00868
Epi SRP 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.02 8.61
Hypo SRP 2.00 2.02 2.44 2.05 2.00 2.55 2.83 2.60 2.37 4.08 3.94 8.68
Whole SRP 2.00 2.01 2.17 2.02 2.00 2.22 2.32 2.23 2.14 2.81 2.77 8.65
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Depth (m) 7-Jan-82 9-Feb-82 3-Mar-82 16-Mar-82 15-Apr-82 27-Apr-82 13-May-82 25-May-82 8-Jun-82 29-Jun-82 12-Jul-82 27-Jul-82 10-Aug-82
1 0.467 0.588 0.738 0.69 0.632 0.289 0.509 0.512 0.508 0.326 0.318 0.263 0.264
5 0.486 0.594 0.73 0.688 0.628 0.286 0.54 0.513 0.494 0.312 0.306 0.255 0.248
10 0.481 0.594 0.724 0.693 0.628 0.303 0.6 0.593 0.595 0.567 0.593 0.498 0.486
15 0.531 0.593 0.721 0.691 0.626 0.31 0.658 0.652 0.681 0.653 0.635 0.606 0.604
20 0.52 0.601 0.708 0.686 0.625 0.324 0.669 0.661 0.562 0.577 0.564 0.529 0.565
25 0.54 0.606 0.708 0.684 0.635 0.316 0.643 0.626 0.109 0.512 0.483 0.452 0.413
Epi NO,/NO; 479.71 592.35 730.90 689.63 629.10 290.49 544.43 529.98 519.63 370.84 371.20 309.61 303.73
Hypo NO,/NO; 530.39 595.17 718.20 689.75 626.67 312.31 658.08 650.85 615.36 630.87 612.54 582.60 582.18
Whole NO,/NO; 499.22 594.98 723.49 689.22 628.46 301.71 594.36 582.70 523.15 477.93 473.35 420.17 416.80
Depth (m) 24-Aug-82 8-Sep-82 28-Sep-82 12-Oct-82 25-Oct-82 8-Nov-82 23-Nov-82 8-Dec-82 21-Dec-82 18-Jan-83 7-Feb-83 23-Feb-83 8-Mar-83
1 0.202 0.157 0.092 0.191 0.244 0.317 0.343 0.456 0.434 0.518 0.542 0.55 0.586
5 0.494 0.154 0.054 0.191 0.239 0.31 0.368 0.447 0.448 0.511 0.543 0.542 0.546
10 0.494 0.393 0.108 0.198 0.242 0.31 0.338 0.45 0.446 0.509 0.552 0.504 0.526
15 0.541 0.777 0.237 0.475 0.503 0.33 0.339 0.452 0.434 0.505 0.555 0.507 0.546
20 0.454 0.572 0.191 0.359 0.375 0.368 0.343 0.457 0.532 0.507 0.561 0.496 0.546
25 0.344 0.318 0.094 0.172 0.212 0.268 0.222 0.506 0.642 0.505 0.562 0.491 0.538
Epi NO,/NO; 413.84 206.37 76.08 192.51 241.02 311.92 354.67 450.12 443.73 512.49 544.67 536.00 552.67
Hypo NO,/NO; 512.53 710.37 218.52 433.48 461.01 329.37 329.19 457.40 464.84 505.25 556.38 504.19 545.29
Whole NO,/NO; 442.41 379.62 123.18 260.88 300.46 318.14 336.88 456.35 471.62 509.48 550.84 518.62 546.68
Depth (m) 22-Mar-83 11-Apr-83 25-Apr-83 9-May-83  23-May-83 6-Jun-83 20-Jun-83 5-Jul-83 25-Jul-83 9-Aug-83 22-Aug-83 12-Sep-83 26-Sep-83
1 0.54 0.509 0.485 0.483 0.454 0.362 0.275 0.244 0.195 0.12 0.019 0.066 0.052
5 0.505 0.507 0.485 0.483 0.46 0.355 0.276 0.244 0.2 0.124 0.007 0.068 0.053
10 0.534 0.508 0.523 0.488 0.508 0.491 0.453 0.415 0.32 0.324 0.321 0.2 0.164
15 0.582 0.501 0.533 0.515 0.54 0.542 0.542 0.533 0.515 0.554 0.577 0.671 0.507
20 0.565 0.529 0.473 0.541 0.543 0.552 0.554 0.535 0.523 0.544 0.568 0.537 0.761
25 0.561 0.532 0.478 0.526 0.523 0.517 0.5 0.442 0.433 0.375 0.365 0.192 0.145
Epi NO,/NO; 520.86 507.76 493.20 484.08 468.71 386.25 313.90 280.88 224.51 166.04 78.02 95.92 76.67
Hypo NO,/NO; 577.98 507.30 520.50 519.28 538.88 541.07 539.82 525.23 508.78 536.93 557.15 611.66 507.43
Whole NO,/NO; 541.92 511.58 498.95 500.90 499.30 456.52 414.55 384.69 341.01 315.73 276.67 270.08 253.67
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20f 13
Depth (m) 10-Oct-83 24-0ct-83 8-Nov-83 21-Nov-83 5-Dec-83 9-Jan-84 8-Feb-84 21-Feb-84 5-Mar-84 2-Apr-84 16-Apr-84 9-May-84  22-May-84
1 0.068 0.104 0.162 0.244 0.321 0.348 0.489 0.494 0.473 0.402 0.492 0.43 0.42
5 0.069 0.104 0.17 0.245 0.324 0.35 0.508 0.474 0.519 0.429 0.38 0.433 0.418
10 0.071 0.104 0.206 0.252 0.325 0.351 0.547 0.479 0.523 0.468 0.43 0.438 0.428
15 0.5 0.489 0.319 0.256 0.327 0.351 0.528 0.483 0.51 0.476 0.425 0.452 0.464
20 0.399 0.345 0.408 0.311 0.328 0.357 0.52 0.441 0.489 0.496 0.448 0.512 0.509
25 0.088 0.042 0.165 0.321 0.354 0.362 0.521 0.478 0.502 0.5 0.468 0.516 0.52
Epi NO,/NO; 69.16 104.00 175.57 246.24 323.39 349.67 511.20 480.57 507.24 430.00 421.53 433.25 420.71
Hypo NO,/NO; 450.77 431.21 316.75 268.75 329.51 352.74 526.36 477.21 506.62 480.67 431.73 465.29 474.68
Whole NO,/NO; 187.16 195.20 232.26 263.62 327.52 352.09 519.66 475.45 506.44 456.50 430.59 454.60 449.21
Depth (m) 5-Jun-84 19-Jun-84 10-Jul-84 24-)ul-84 7-Aug-84 22-Aug-84 12-Sep-84 26-Sep-84 10-Oct-84 24-Oct-84 7-Nov-84 27-Nov-84 5-Dec-84
1 0.402 0.371 0.24 0.189 0.104 0.036 0.01 0.003 0.002 0.055 0.09 0.219 0.251
5 0.398 0.372 0.241 0.19 0.107 0.037 0.012 0.003 0.002 0.06 0.09 0.224 0.256
10 0.436 0.411 0.412 0.328 0.261 0.236 0.025 0.007 0.002 0.056 0.091 0.229 0.258
15 0.484 0.481 0.48 0.47 0.453 0.505 0.442 0.468 0.446 0.058 0.092 0.215 0.254
20 0.501 0.492 0.479 0.449 0.435 0.446 0.362 0.328 0.458 0.077 0.093 0.216 0.257
25 0.481 0.431 0.396 0.307 0.241 0.223 0.074 0.005 0.005 0.001 0.094 0.218 0.258
Epi NO,/NO; 407.29 380.14 277.61 219.49 139.39 79.65 14.25 3.86 2.00 57.76 90.22 223.71 255.06
Hypo NO,/NO; 485.90 477.99 472.46 452.94 432.00 472.60 399.33 409.30 408.62 55.39 92.30 215.39 254.74
Whole NO,/NO; 442.02 419.49 362.29 310.64 252.44 228.12 138.63 125.32 137.03 55.02 91.30 221.24 255.69
Depth (m) 27-Dec-84 9-Jan-85 30-Jan-85 6-Feb-85 20-Feb-85 13-Mar-85 27-Mar-85 10-Apr-85 24-Apr-85 9-May-85 22-May-85 4-Jun-85 19-Jun-85
1 0.291 0.319 0.343 0.322 0.318 0.25 0.22 0.311 0.175 0.151 0.145 0.115 0.086
5 0.291 0.323 0.347 0.325 0.316 0.25 0.222 0.264 0.177 0.153 0.139 0.115 0.103
10 0.291 0.32 0.348 0.327 0.315 0.327 0.227 0.338 0.19 0.158 0.172 0.146 0.15
15 0.292 0.323 0.352 0.328 0.324 0.29 0.241 0.311 0.193 0.181 0.187 0.167 0.164
20 0.29 0.323 0.353 0.334 0.325 0.309 0.246 0.359 0.213 0.206 0.184 0.166 0.146
25 0.288 0.321 0.355 0.333 0.324 0.307 0.254 0.311 0.223 0.209 0.173 0.149 0.126
Epi NO,/NO; 291.00 321.25 346.12 324.61 316.33 266.61 222.53 292.86 179.25 153.53 147.76 121.69 108.47
Hypo NO,/NO; 291.39 322.82 352.39 329.21 324.13 293.92 242.78 317.12 198.20 186.66 185.38 165.28 158.35
Whole NO,/NO; 290.77 321.63 349.00 327.40 319.32 285.77 232.00 310.69 190.99 170.46 163.84 140.04 128.52

35




Lake Sammamish Nitrite/Nitrate

30f13
Depth (m) 3-Jul-85 24-)ul-85 7-Aug-85 21-Aug-85 11-Sep-85 25-Sep-85 9-Oct-85 22-Oct-85 14-Nov-85 3-Dec-85 18-Dec-85 8-Jan-86 23-Jan-86
1 0.045 0.001 0.001 0.001 0.001 0.005 0.001 0.012 0.125 0.195 0.202 0.259 0.327
5 0.043 0.001 0.001 0.001 0.001 0.004 0.001 0.014 0.122 0.201 0.199 0.271 0.321
10 0.12 0.109 0.045 0.024 0.001 0.006 0.001 0.014 0.13 0.203 0.204 0.25 0.319
15 0.145 0.181 0.183 0.177 0.132 0.15 0.14 0.015 0.132 0.2 0.2 0.255 0.332
20 0.139 0.218 0.234 0.237 0.197 0.203 0.129 0.098 0.141 0.204 0.2 0.261 0.336
25 0.092 0.068 0.11 0.002 0.025 0.009 0.001 0.004 0.013 0.2 0.208 0.258 0.35
Epi NO,/NO; 60.16 24.29 10.49 5.96 1.00 4.71 1.00 13.45 124.55 199.78 200.90 263.18 322.22
Hypo NO,/NO; 139.56 175.75 183.06 169.21 130.84 144.31 126.33 24.61 122.65 200.51 200.71 256.03 334.10
Whole NO,/NO; 93.68 88.52 81.28 66.52 50.91 55.70 41.27 23.91 118.46 200.71 201.58 259.72 327.85
Depth (m) 5-Feb-86 25-Feb-86 12-Mar-86 26-Mar-86 9-Apr-86 23-Apr-86 7-May-86 21-May-86 4-Jun-86 18-Jun-86 9-Jul-86 23-Jul-86 6-Aug-86
1 0.307 0.278 0.217 0.243 0.229 0.227 0.234 0.19 0.173 0.143 0.041 0.01 0.001
5 0.305 0.274 0.185 0.244 0.221 0.226 0.239 0.193 0.155 0.142 0.042 0.005 0.001
10 0.301 0.289 0.278 0.256 0.225 0.242 0.25 0.197 0.204 0.207 0.161 0.116 0.019
15 0.3 0.303 0.285 0.255 0.235 0.263 0.259 0.233 0.234 0.27 0.242 0.229 0.238
20 0.305 0.311 0.286 0.26 0.257 0.269 0.27 0.224 0.249 0.259 0.262 0.248 0.243
25 0.306 0.325 0.296 0.271 0.264 0.273 0.273 0.23 0.231 0.212 0.164 0.173 0.102
Epi NO,/NO; 304.69 278.33 213.84 246.31 224.06 229.73 240.00 193.04 170.51 156.29 67.39 30.31 4.88
Hypo NO,/NO; 301.17 305.96 286.10 257.05 240.36 264.65 261.64 231.59 235.65 263.48 237.67 226.48 226.64
Whole NO,/NO; 303.68 292.04 249.13 252.76 233.89 245.61 251.10 207.58 200.30 199.06 140.43 113.80 85.62
Depth (m) 20-Aug-86 9-Sep-86 24-Sep-86 8-0ct-86 22-Oct-86 4-Nov-86 20-Nov-86 3-Dec-86 17-Dec-86 7-Jan-87 4-Feb-87 4-Mar-87 25-Mar-87
1 0.001 0.004 0.001 0.002 0.004 0.049 0.072 0.269 0.306 0.343 0.378 0.383 0.371
5 0.001 0.003 0.001 0.003 0.006 0.051 0.071 0.27 0.306 0.344 0.381 0.389 0.357
10 0.001 0.002 0.003 0.003 0.005 0.052 0.071 0.272 0.308 0.355 0.383 0.388 0.354
15 0.213 0.205 0.204 0.01 0.003 0.052 0.072 0.273 0.309 0.349 0.387 0.4 0.375
20 0.231 0.228 0.188 0.051 0.088 0.034 0.056 0.275 0.311 0.35 0.393 0.403 0.364
25 0.041 0.014 0.046 0.27 0.261 0.007 0.001 0.276 0.316 0.363 0.397 0.407 0.288
Epi NO,/NO; 1.00 3.06 1.43 2.73 5.24 50.67 71.27 270.16 306.43 346.10 380.61 387.14 360.20
Hypo NO,/NO; 200.12 191.08 188.02 38.17 36.60 45.74 63.70 273.52 309.87 350.36 388.65 401.00 365.92
Whole NO,/NO; 70.54 67.51 64.29 34.32 38.61 44.93 63.06 271.98 308.48 349.51 385.02 393.26 356.09
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4 0f 13
Depth (m) 8-Apr-87 22-Apr-87 6-May-87  20-May-87 3-Jun-87 17-Jun-87 8-Jul-87 22-Jul-87 5-Aug-87 19-Aug-87 9-Sep-87 23-Sep-87 7-Oct-87
1 0.302 0.234 0.194 0.177 0.181 0.085 0.001 0.008 0.001 0.001 0.001 0.001 0.004
5 0.314 0.238 0.198 0.176 0.183 0.089 0.002 0.01 0.001 0.001 0.001 0.002 0.003
10 0.317 0.262 0.269 0.266 0.23 0.064 0.186 0.205 0.096 0.017 0.001 0.001 0.002
15 0.365 0.314 0.317 0.344 0.374 0.3 0.325 0.336 0.257 0.274 0.187 0.211 0.189
20 0.4 0.345 0.338 0.342 0.321 0.316 0.251 0.27 0.214 0.195 0.099 0.121 0.016
25 0.403 0.343 0.232 0.182 0.186 0.161 0.13 0.076 0.034 0.004 0.003 0.003 0.199
Epi NO,/NO3 311.35 242.08 212.22 195.69 192.59 82.51 41.41 51.51 21.49 4.45 1.00 1.51 3.06
Hypo NO,/NO3 372.81 320.51 312.18 329.45 350.66 289.77 298.36 304.65 231.84 240.11 159.55 181.18 167.83
Whole NO,/NO; 340.81 278.76 253.84 245.72 243.27 155.05 139.30 145.83 95.13 76.26 45.54 52.74 53.88
Depth (m) 21-Oct-87 4-Nov-87 18-Nov-87 9-Dec-87 6-Jan-88 3-Feb-88 2-Mar-88 23-Mar-88 6-Apr-88 20-Apr-88 3-May-88 18-May-88 8-Jun-88
1 0.001 0.008 0.013 0.022 0.128 0.282 0.257 0.211 0.21 0.168 0.168 0.182 0.148
5 0.001 0.006 0.011 0.035 0.128 0.29 0.26 0.213 0.213 0.271 0.174 0.191 0.148
10 0.001 0.01 0.013 0.035 0.129 0.293 0.272 0.223 0.223 0.152 0.182 0.196 0.197
15 0.158 0.123 0.015 0.036 0.129 0.291 0.275 0.234 0.227 0.199 0.19 0.206 0.209
20 0.001 0.006 0.002 0.036 0.13 0.289 0.275 0.237 0.224 0.218 0.223 0.226 0.217
25 0.002 0.011 0.001 0.035 0.132 0.294 0.279 0.238 0.232 0.223 0.236 0.222
Epi NO,/NO3 1.00 7.41 11.98 31.43 128.22 288.45 261.76 214.61 214.33 217.06 174.08 189.61 158.57
Hypo NO,/NO3 124.23 98.21 12.11 3591 129.39 291.01 275.35 234.74 227.06 183.86 197.12 211.20 211.17
Whole NO,/NO; 27.78 27.46 10.31 33.48 129.00 289.91 268.31 223.76 220.20 188.07 188.34 201.94 184.29
Depth (m) 22-Jun-88 6-Jul-88 20-Jul-88 3-Aug-88 17-Aug-88 7-Sep-88 21-Sep-88 4-Oct-88 19-Oct-88 8-Nov-88 30-Nov-88 14-Dec-88 18-Jan-89
1 0.054 0.027 0.005 0.001 0.001 0.004 0.006 0.001 0.015 0.075 0.151 0.23 0.357
5 0.056 0.028 0.003 0.002 0.001 0.007 0.001 0.016 0.074 0.157 0.232 0.348
10 0.135 0.131 0.155 0.007 0.02 0.001 0.006 0.027 0.018 0.079 0.157 0.236 0.35
15 0.193 0.236 0.223 0.21 0.194 0.168 0.172 0.18 0.146 0.14 0.167 0.241 0.352
20 0.133 0.237 0.227 0.21 0.188 0.18 0.159 0.162 0.108 0.076 0.179 0.244 0.351
25 0.216 0.214 0.158 0.211 0.098 0.026 0.01 0.001 0.001 0.001 0.221 0.253 0.35
Epi NO,/NO3 72.49 49.94 36.33 1.78 5.61 1.82 6.51 6.61 16.16 75.35 155.35 232.31 350.90
Hypo NO,/NO3 187.38 234.19 217.77 210.09 184.76 157.00 156.05 161.91 128.36 119.58 173.29 242.44 351.70
Whole NO,/NO; 120.01 128.76 115.67 83.60 71.10 55.33 54.73 57.82 48.99 80.10 166.48 237.54 350.93
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50f13
Depth (m) 8-Feb-89 8-Mar-89 21-Mar-89 5-Apr-89 19-Apr-89 10-May-89 24-May-89 7-Jun-89 12-Jul-89 8-Aug-89 6-Sep-89 11-Oct-89 8-Nov-89
1 0.408 0.434 0.387 0.379 0.422 0.288 0.277 0.211 0.107 0.006 0.001 0.04 0.057
5 0.408 0.439 0.384 0.377 0.358 0.292 0.281 0.222 0.109 0.004 0.001 0.04 0.054
10 0.413 0.448 0.386 0.379 0.386 0.348 0.3 0.294 0.246 0.203 0.117 0.04 0.056
15 0.411 0.452 0.401 0.38 0.401 0.372 0.358 0.352 0.329 0.365 0.33 0.326 0.067
20 0.412 0.438 0.394 0.383 0.427 0.382 0.378 0.362 0.241 0.156 0.27 0.246 0.127
25 0.413 0.45 0.42 0.379 0.44 0.299 0.362 0.303 0.172 0.141 0.001 0.04 0.011
Epi NO,/NO; 409.08 439.57 385.25 377.98 381.61 302.98 284.00 234.51 138.00 47.47 26.02 40.00 55.25
Hypo NO,/NO; 411.30 450.04 401.78 380.29 407.75 366.83 360.90 348.95 303.93 318.60 293.32 290.57 69.71
Whole NO,/NO; 410.53 443.26 392.27 379.17 396.50 329.13 317.42 283.17 197.72 139.53 116.26 115.40 62.67
Depth (m) 6-Dec-89 3-Jan-90 15-Feb-90 6-Mar-90 20-Mar-90 3-Apr-90 17-Apr-90 8-May-90 22-May-90 5-Jun-90 11-Jul-90 8-Aug-90 5-Sep-90
1 0.156 0.244 0.42 0.51 0.41 0.39 0.3 0.35 0.37 0.33 0.05 0.05 0.05
5 0.151 0.274 0.41 0.43 0.46 0.44 0.35 0.38 0.33 0.33 0.05 0.05 0.05
10 0.176 0.286 0.41 0.52 0.47 0.45 0.4 0.37 0.3 0.37 0.35 0.31 0.33
15 0.167 0.243 0.43 0.61 0.46 0.54 0.43 0.43 0.41 0.41 0.39 0.39 0.48
20 0.179 0.284 0.36 0.61 0.42 0.49 0.44 0.42 0.36 0.41 0.39 0.41 0.45
25 0.144 0.284 0.38 0.56 0.48 0.48 0.38 0.4 0.4 0.37 0.28 0.23 0.17
Epi NO,/NO; 157.76 268.35 412.75 471.37 448.43 428.43 347.06 369.61 334.51 338.63 114.71 106.08 110.39
Hypo NO,/NO; 166.50 251.84 416.67 605.59 456.67 528.33 426.86 426.08 402.75 406.47 380.29 378.43 448.82
Whole NO,/NO; 162.68 269.25 405.60 525.80 451.70 462.20 381.50 389.20 353.10 366.00 235.70 225.40 244.70
Depth (m) 10-Oct-90 7-Nov-90 8-Jan-91 5-Feb-91 5-Mar-91 18-Mar-91 2-Apr-91 16-Apr-91 15-May-91 29-May-91 12-Jun-91 1-Jul-91 7-Aug-91
1 0.056 0.14 0.43 0.5 0.62 0.61 0.53 0.42 0.45 0.39 0.28 0.15
5 0.055 0.13 0.46 0.51 0.61 0.48 0.61 0.52 0.42 0.38 0.39 0.31 0.15
10 0.071 0.14 0.47 0.51 0.66 0.49 0.55 0.5 0.41 0.4 0.46 0.38 0.32
15 0.36 0.22 0.51 0.51 0.61 0.52 0.56 0.53 0.54 0.46 0.5 0.56 0.46
20 0.33 0.22 0.43 0.52 0.66 0.52 0.57 0.54 0.54 0.47 0.47 0.56 0.45
25 0.12 0.014 0.51 0.63 0.6 0.66 0.58 0.56 0.51 0.39 0.38 0.37 0.3
Epi NO,/NO; 58.73 134.90 453.92 507.25 623.53 517.84 575.10 514.05 417.84 403.53 405.10 316.86 186.67
Hypo NO,/NO; 335.00 201.82 499.80 521.86 615.49 532.35 563.04 533.92 537.35 455.10 485.59 543.24 444.61
Whole NO,/NO; 151.95 150.06 467.00 520.70 627.50 528.50 569.80 450.90 462.00 420.20 432.90 400.90 290.90
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Depth (m) 25-Sep-91 8-Oct-91 5-Nov-91 3-Dec-91 6-Jan-92 5-Feb-92 3-Mar-92 26-Mar-92 7-Apr-92 21-Apr-92 5-May-92 19-May-92 2-Jun-92
1 0.13 0.14 0.2 0.3 0.28 0.54 0.38 0.29 0.34 0.33 0.33 0.31 0.16
5 0.14 0.14 0.21 0.29 0.28 0.54 0.39 0.26 0.33 0.32 0.33 0.31 0.16
10 0.34 0.25 0.21 0.28 0.28 0.51 0.44 0.38 0.38 0.35 0.36 0.37 0.34
15 0.47 0.47 0.3 0.29 0.28 0.45 0.44 0.41 0.42 0.39 0.42 0.41 0.41
20 0.42 0.27 0.29 0.3 0.3 0.44 0.45 0.42 0.47 0.43 0.43 0.42 0.41
25 0.05 0.056 0.065 0.067 0.32 0.44 0.5 0.45 0.5 0.45 0.41 0.38 0.35
Epi NO,/NO; 180.39 163.73 207.25 290.59 280.00 533.53 398.04 294.12 343.53 329.22 336.47 322.94 198.82
Hypo NO,/NO; 426.57 407.98 277.99 271.60 286.08 447.84 446.57 414.80 433.43 400.39 420.39 408.63 404.71
Whole NO,/NO; 265.00 228.54 221.25 270.53 286.20 496.40 425.30 352.80 390.70 365.60 371.80 360.20 289.90
Depth (m) 7-Jul-92 4-Aug-92 9-Sep-92 6-Oct-92 3-Nov-92 2-Dec-92 5-Jan-93 3-Feb-93 2-Mar-93 15-Mar-93 6-Apr-93 20-Apr-93 4-May-93
1 0.05 0.05 0.05 0.05 0.087 0.1 0.3 0.3 0.28 0.24 0.27 0.31 0.32
5 0.05 0.05 0.05 0.05 0.088 0.1
10 0.24 0.26 0.05 0.05 0.093 0.1 0.3 0.3 0.34 0.24 0.26 0.33 0.33
15 0.43 0.45 0.3 0.3 0.13 0.1
20 0.25 0.35 0.32 0.24 0.17 0.1
25 0.33 0.22 0.14 0.058 0.073 0.029 0.3 0.3 0.39 0.29 0.26 0.32 0.34
Epi NO,/NO; 90.98 95.29 50.00 50.00 88.80 100.00 300.00 300.00 292.94 240.00 267.84 314.31 322.16
Hypo NO,/NO; 398.24 416.96 288.43 271.00 130.07 93.74 300.00 300.00 355.00 255.00 260.00 327.00 333.00
Whole NO,/NO; 205.70 216.40 135.70 117.92 105.36 93.61 300.00 300.00 320.50 244.50 264.00 321.10 326.90
Depth (m) 26-May-93 8-Jun-93 7-Jul-93 3-Aug-93 8-Sep-93 5-Oct-93 2-Nov-93 8-Dec-93 6-Jan-94 14-Feb-94 8-Mar-94 22-Mar-94 5-Apr-94
1 0.19 0.062 0.044 0.017 0.007 0.05 0.073 0.14 0.29 0.3 0.34 0.31 0.274
5
10 0.26 0.24 0.31 0.32 0.086 0.2 0.073 0.1 0.26 0.36 0.3 0.35 0.308
15
20
25 0.33 0.32 0.3 0.3 0.22 0.041 0.054 0.13 0.32 0.29 0.44 0.36 0.39
Epi NO,/NO; 205.10 100.39 101.37 82.35 24.04 82.35 73.00 131.37 283.53 312.94 331.37 318.63 281.33
Hypo NO,/NO; 281.00 264.00 307.00 314.00 126.20 152.30 67.30 109.00 278.00 339.00 342.00 353.00 332.60
Whole NO,/NO; 238.30 176.00 202.70 197.00 66.46 125.69 71.29 118.70 277.40 329.70 328.60 334.90 301.78
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Depth (m) 19-Apr-94 3-May-94  24-May-94 7-Jun-94 6-Jul-94 2-Aug-94 7-Sep-94 4-Oct-94 1-Nov-94 7-Dec-94 17-Jan-95 8-Feb-95 7-Mar-95
1 0.269 0.268 0.263 0.22 0.13 0.05 0.05 0.05 0.05 0.201 0.356 0.381 0.492

5 0.05 0.05
10 0.275 0.281 0.293 0.269 0.265 0.155 0.05 0.05 0.05 0.2 0.355 0.375 0.472

15 0.218 0.05

20 0.144 0.05
25 0.352 0.338 0.274 0.236 0.186 0.161 0.05 0.05 0.05 0.216 0.357 0.356 0.448
Epi NO,/NO; 270.29 270.80 269.47 230.57 159.12 72.65 50.00 50.00 50.00 200.78 355.78 379.71 487.69
Hypo NO,/NO; 298.10 298.10 287.30 259.10 241.30 156.80 50.00 193.75 50.00 204.80 355.60 369.30 464.80
Whole NO,/NO; 279.53 280.93 279.29 246.43 203.89 113.54 50.00 90.78 50.00 201.84 355.58 375.69 477.84
Depth (m) 4-Apr-95 18-Apr-95 2-May-95 16-May-95 5-Jun-95 10-Jul-95 1-Aug-95 12-Sep-95 2-Oct-95 9-Nov-95 5-Dec-95 3-Jan-96 7-Feb-96
1 0.363 0.342 0.303 0.292 0.223 0.05 0.05 0.05 0.05 0.124 0.365 0.416 0.524
5 0.374 0.359 0.285 0.284 0.226 0.05 0.05 0.05 0.05 0.121 0.367 0.424 0.529
10 0.411 0.333 0.375 0.334 0.328 0.244 0.23 0.095 0.05 0.126 0.36 0.422 0.522
15 0.46 0.323 0.422 0.385 0.357 0.392 0.396 0.355 0.317 0.124 0.355 0.425 0.521
20 0.46 0.405 0.478 0.415 0.331 0.334 0.351 0.328 0.254 0.118 0.373 0.43 0.524
25 0.45 0.42 0.427 0.38 0.301 0.212 0.206 0.05 0.05 0.088 0.388 0.424 0.533
Epi NO,/NO; 378.96 348.73 309.35 296.98 247.18 91.84 88.82 59.71 50.00 122.90 364.94 421.37 526.12
Hypo NO,/NO; 459.12 342.01 429.58 388.38 348.75 368.73 373.50 324.65 285.41 120.06 360.21 425.55 522.44
Whole NO,/NO; 412.87 356.51 367.58 338.46 289.67 200.38 199.79 147.44 121.91 119.62 365.88 423.41 525.18
Depth (m) 6-Mar-96 21-Mar-96 10-Apr-96 30-Apr-96 8-May-96 21-May-96 4-Jun-96 18-Jun-96 2-Jul-96 24-)Jul-96 6-Aug-96 21-Aug-96 5-Sep-96
1 0.603 0.514 0.505 0.49 0.455 0.461 0.458 0.386 0.25 0.245 0.209 0.162 0.098
5 0.608 0.542 0.51 0.504 0.447 0.481 0.424 0.4 0.258 0.251 0.214 0.158 0.093
10 0.607 0.555 0.509 0.514 0.455 0.435 0.485 0.509 0.423 0.38 0.382 0.334 0.293
15 0.617 0.558 0.547 0.544 0.508 0.539 0.522 0.528 0.473 0.522 0.518 0.501 0.515
20 0.64 0.602 0.579 0.635 0.52 0.53 0.517 0.566 0.451 0.469 0.467 0.407 0.408
25 0.661 0.608 0.589 0.587 0.509 0.504 0.388 0.42 0.343 0.242 0.316 0.278 0.305
Epi NO,/NO; 606.41 537.12 508.41 502.31 450.92 465.59 446.49 419.67 291.39 277.18 248.86 197.06 137.51
Hypo NO,/NO; 623.81 568.02 554.78 559.39 509.62 534.76 509.54 523.31 458.73 490.54 493.68 469.34 482.83
Whole NO,/NO; 617.55 557.27 531.46 535.44 475.24 486.84 467.08 466.07 360.82 350.85 342.33 297.00 267.47
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Depth (m) 17-Sep-96 1-Oct-96 6-Nov-96 4-Dec-96 22-Jan-97 5-Feb-97 3-Mar-97 2-Apr-97 7-May-97 2-Jun-97 2-Jul-97 6-Aug-97 2-Sep-97
1 0.08 0.05 0.164 0.31 0.48 0.497 0.655 0.56 0.456 0.325 0.262 0.138 0.093
5 0.079 0.05 0.163 0.306 0.491 0.51 0.606 0.559 0.476 0.336 0.292 0.141 0.096
10 0.246 0.066 0.167 0.304 0.535 0.501 0.703 0.559 0.493 0.455 0.453 0.405 0.297
15 0.492 0.494 0.166 0.313 0.532 0.506 0.63 0.557 0.506 0.56 0.514 0.514 0.477
20 0.369 0.132 0.159 0.318 0.598 0.51 0.664 0.544 0.543 0.56 0.514 0.474 0.433
25 0.172 0.34 0.05 0.313 0.804 0.509 0.676 0.571 0.579 0.508 0.386 0.326 0.302
Epi NO,/NO; 115.29 53.45 164.14 306.67 497.47 504.49 640.37 559.27 474.18 358.65 318.49 197.12 138.53
Hypo NO,/NO; 448.09 434.27 154.87 313.64 564.41 506.77 638.39 556.58 517.16 555.41 502.71 492.31 455.95
Whole NO,/NO; 230.49 165.60 153.80 309.52 547.75 505.52 651.15 557.93 499.85 442.13 396.67 319.37 264.91
Depth (m) 1-Oct-97 8-0ct-97 5-Nov-97 3-Dec-97 7-Jan-98 3-Feb-98 3-Mar-98 6-Apr-98 5-May-98 3-Jun-98 6-Jul-98 5-Aug-98 8-Sep-98
1 0.097 0.158 0.198 0.317 0.371 0.434 0.376 0.312 0.301 0.295 0.162 0.02 0.02
5 0.093 0.159 0.194 0.306 0.373 0.429 0.384 0.317 0.301 0.293 0.16 0.02 0.02
10 0.246 0.178 0.219 0.298 0.376 0.436 0.378 0.333 0.322 0.34 0.336 0.254 0.219
15 0.434 0.3 0.23 0.293 0.376 0.436 0.372 0.37 0.397 0.399 0.396 0.342 0.395
20 0.445 0.341 0.331 0.313 0.374 0.433 0.399 0.399 0.411 0.405 0.388 0.334 0.359
25 0.198 0.23 0.285 0.319 0.373 0.438 0.39 0.396 0.396 0.369 0.315 0.238 0.0502
Epi NO,/NO; 127.10 162.82 200.49 307.29 373.10 431.88 380.51 319.08 305.53 303.69 198.51 70.47 62.92
Hypo NO,/NO; 414.58 299.05 247.73 297.84 375.48 435.79 377.03 375.99 398.70 397.12 387.83 331.80 359.99
Whole NO,/NO; 238.87 216.87 231.93 305.73 373.99 433.69 382.07 346.44 344.58 342.57 280.95 184.32 172.33
Depth (m) 7-Oct-98 2-Nov-98 14-Dec-98 5-Jan-99 3-Feb-99 2-Mar-99 6-Apr-99 5-May-99 8-Jun-99 7-Jul-99 3-Aug-99 24-Aug-99 8-Sep-99
1 0.02 0.0645 0.357 0.463 0.564 0.592 0.489 0.462 0.401 0.292 0.109 0.02 0.02
5 0.02 0.0679 0.34 0.465 0.563 0.567 0.503 0.462 0.406 0.296 0.102 0.02 0.02
10 0.128 0.0629 0.355 0.465 0.562 0.572 0.502 0.463 0.437 0.388 0.343 0.362 0.287
15 0.428 0.313 0.37 0.442 0.548 0.559 0.522 0.472 0.464 0.493 0.479 0.475 0.494
20 0.024 0.274 0.423 0.458 0.548 0.599 0.538 0.472 0.463 0.483 0.44 0.452 0.42
25 0.02 0.02 0.445 0.421 0.542 0.563 0.544 0.457 0.409 0.378 0.302 0.297 0.279
Epi NO,/NO; 43.29 65.89 347.90 464.45 563.06 574.94 498.94 462.22 411.31 314.75 155.90 93.76 77.59
Hypo NO,/NO; 340.51 282.18 383.37 442.19 547.47 564.45 525.98 470.68 459.02 481.58 458.41 456.36 465.60
Whole NO,/NO; 112.56 130.52 370.87 455.94 556.54 573.99 512.30 464.76 429.35 379.94 279.62 250.26 231.96
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Depth (m) 0.02 0.0485 0.0423 0.0777 0.174 0.356 0.458 0.437 0.473 0.471 0.365 0.319 0.232
1 0.02 0.0509 0.0428 0.0789 0.177 0.363 0.446 0.467 0.471 0.458 0.374 0.318 0.239
5 0.02 0.108 0.0625 0.0811 0.175 0.367 0.459 0.473 0.472 0.483 0.393 0.337 0.344
10 0.414 0.0544 0.491 0.321 0.179 0.371 0.45 0.479 0.476 0.49 0.462 0.454 0.435
15 0.406 0.424 0.375 0.125 0.259 0.344 0.453 0.516 0.475 0.497 0.496 0.474 0.488
20 0.261 0.212 0.162 0.203 0.171 0.293 0.46 0.511 0.48 0.503 0.508 0.474 0.448
25
20.00 62.56 46.91 79.05 175.75 361.94 452.10 460.06 471.76 466.96 375.63 322.37 259.73
Epi NO,/NO; 399.48 115.41 447.19 285.61 188.49 360.68 451.26 486.54 476.23 492.04 470.39 458.31 442.90
Hypo NO,/NO; 158.85 126.15 176.98 137.51 186.62 355.45 453.26 476.43 473.67 479.63 419.61 379.57 344.57
Whole NO,/NO;
Depth (m) 8-Aug-00 6-Sep-00 3-Oct-00 31-Oct-00 4-Dec-00 3-Jan-01 31-Jan-01 27-Feb-01 3-Apr-01 2-May-01 30-May-01 2-Jul-01 7-Aug-01
1 0.0658 0.02 0.0532 0.107 0.137 0.19 0.261 0.227 0.188 0.16 0.137 0.02 0.02
5 0.067 0.02 0.0527 0.112 0.132 0.189 0.262 0.224 0.157 0.167 0.155 0.02 0.02
10 0.281 0.186 0.0512 0.108 0.129 0.187 0.26 0.269 0.173 0.174 0.184 0.132 0.0571
15 0.441 0.454 0.434 0.348 0.129 0.185 0.266 0.273 0.185 0.178 0.203 0.211 0.201
20 0.468 0.4 0.368 0.207 0.129 0.184 0.274 0.29 0.216 0.196 0.225 0.224 0.185
25 0.408 0.282 0.309 0.02 0.128 0.184 0.286 0.312 0.238 0.208 0.221 0.214 0.121
Epi NO,/NO; 112.83 55.80 52.51 109.76 132.73 188.84 261.29 234.53 168.96 166.59 156.31 44.16 28.00
Hypo NO,/NO; 441.53 431.94 414.56 301.09 128.91 184.78 268.78 278.61 193.63 182.94 207.39 212.92 191.90
Whole NO,/NO; 258.17 201.62 181.33 154.65 130.81 186.94 265.84 258.70 184.42 176.82 181.77 119.97 89.10
Depth (m) 5-Sep-01 2-Oct-01 6-Nov-01 3-Dec-01 9-Jan-02 28-Jan-02 5-Mar-02 2-Apr-02 7-May-02 4-Jun-02 1-Jul-02 7-Aug-02 4-Sep-02
1 0.02 0.02 0.0539 0.209 0.351 0.38 0.4 0.322 0.282 0.166 0.122 0.02 0.02
5 0.02 0.02 0.055 0.347 0.371 0.403 0.318 0.288 0.17 0.116 0.02 0.02
10 0.02 0.02 0.0575 0.214 0.3475 0.371 0.411 0.318 0.288 0.259 0.25 0.152 0.161
15 0.17 0.149 0.0599 0.3475 0.373 0.416 0.356 0.305 0.305 0.315 0.316 0.327
20 0.205 0.148 0.026 0.3475 0.369 0.421 0.363 0.313 0.323 0.244 0.307 0.306
25 0.175 0.02 0.02 0.273 0.348 0.371 0.429 0.386 0.285 0.254 0.196 0.198 0.093
Epi NO,/NO; 20.00 20.00 55.24 210.08 348.21 373.47 403.90 319.10 286.35 188.10 146.55 48.47 50.41
Hypo NO,/NO; 174.90 137.49 52.06 231.70 347.54 372.31 417.78 359.54 304.25 302.79 295.45 304.44 303.68
Whole NO,/NO; 83.50 58.57 49.28 217.31 347.91 372.34 411.15 336.99 293.03 238.53 202.65 151.37 145.55

42




Lake Sammamish Nitrite/Nitrate

10 of 13
Depth (m) 7-Oct-02 4-Nov-02 3-Dec-02 7-Jan-03 5-Feb-03 4-Mar-03 8-Apr-03 6-May-03 4-Jun-03 8-Jul-03 5-Aug-03 3-Sep-03 6-Oct-03
1 0.02 0.02 0.0576 0.186 0.284 0.253 0.266 0.296 0.224 0.0752 0.02 0.02 0.02
5 0.02 0.02 0.0639 0.199 0.277 0.248 0.267 0.297 0.223 0.0831 0.02 0.02 0.02
10 0.02 0.02 0.0625 0.187 0.247 0.25 0.268 0.297 0.271 0.238 0.107 0.138 0.02
15 0.289 0.305 0.0646 0.184 0.242 0.25 0.266 0.302 0.285 0.32 0.312 0.299 0.289
20 0.277 0.205 0.0645 0.19 0.242 0.255 0.3 0.311 0.311 0.307 0.316 0.31 0.293
25 0.02 0.02 0.0658 0.204 0.239 0.277 0.305 0.323 0.323 0.309 0.278 0.275 0.02
Epi NO,/NO; 20.00 20.00 61.87 192.84 272.45 249.80 266.94 296.73 233.63 114.34 38.76 45.45 20.00
Hypo NO,/NO; 263.74 267.11 64.69 186.53 241.74 253.02 273.77 305.00 291.67 317.37 309.51 298.28 265.77
Whole NO,/NO; 99.14 92.50 63.09 191.39 257.76 252.98 274.61 301.87 264.20 204.23 149.61 152.86 101.22
Depth (m) 4-Nov-03 1-Dec-03 8-Jan-04 3-Feb-04 2-Mar-04 5-Apr-04 3-May-04 7-Jun-04 7-Jul-04 2-Aug-04 8-Sep-04 5-Oct-04 3-Nov-04
1 0.115 0.204 0.287 0.364 0.401 0.301 0.26 0.26 0.031 0.02 0.02 0.02 0.0689
5 0.116 0.209 0.286 0.346 0.401 0.298 0.256 0.175 0.031 0.02 0.02 0.02 0.0696
10 0.116 0.203 0.281 0.343 0.364 0.297 0.284 0.296 0.218 0.183 0.0522 0.02 0.0712
15 0.116 0.209 0.279 0.348 0.367 0.336 0.35 0.351 0.356 0.355 0.314 0.293 0.084
20 0.135 0.205 0.288 0.34 0.366 0.365 0.379 0.326 0.368 0.392 0.308 0.259 0.211
25 0.02 0.212 0.277 0.349 0.375 0.395 0.394 0.408 0.3 0.263 0.182 0.163 0.118
Epi NO,/NO; 115.73 206.33 285.20 350.29 393.02 298.61 263.14 224.43 71.33 55.16 26.95 20.00 69.75
Hypo NO,/NO; 109.95 208.75 279.97 347.07 367.58 344.90 357.58 352.84 352.59 351.60 301.59 277.20 103.19
Whole NO,/NO; 109.69 206.79 283.35 347.72 380.56 322.11 306.83 282.83 193.54 181.41 128.76 110.35 95.02
Depth (m) 15-Dec-04 4-Jan-05 8-Feb-05 8-Mar-05 5-Apr-05 3-May-05 7-Jun-05 7-Jul-05 2-Aug-05 7-Sep-05 4-Oct-05 8-Nov-05 6-Dec-05
1 0.192 0.299 0.325 0.24 0.246 0.23 0.0652 0.02 0.02 0.02 0.02 0.101 0.173
5 0.196 0.302 0.325 0.249 0.262 0.244 0.0765 0.02 0.02 0.02 0.02 0.111 0.174
10 0.198 0.316 0.324 0.294 0.246 0.229 0.235 0.174 0.133 0.02 0.02 0.109 0.179
15 0.199 0.319 0.325 0.329 0.263 0.263 0.298 0.311 0.311 0.306 0.221 0.11 0.178
20 0.201 0.316 0.323 0.325 0.293 0.277 0.318 0.333 0.342 0.32 0.29 0.2 0.182
25 0.208 0.319 0.326 0.318 0.304 0.29 0.333 0.33 0.305 0.152 0.0941 0.02 0.181
Epi NO,/NO; 195.33 304.20 324.78 256.24 254.16 236.92 107.58 53.22 44.37 20.00 20.00 107.82 174.80
Hypo NO,/NO; 200.05 318.62 324.83 327.52 270.44 267.17 303.64 315.48 314.42 294.20 218.60 113.53 178.77
Whole NO,/NO; 198.10 310.76 324.62 286.88 264.38 250.55 200.34 170.40 160.71 119.50 95.94 112.39 177.26
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Depth (m) 4-Jan-06 7-Feb-06 7-Mar-06 4-Apr-06 3-May-06 6-Jun-06 5-Jul-06 8-Aug-06 5-Sep-06 3-Oct-06 8-Nov-06 5-Dec-06 4-Jan-07
1 0.281 0.51 0.5 0.384 0.349 0.294 0.154 0.02 0.02 0.02 0.0776 0.257 0.341
5 0.28 0.513 0.5 0.39 0.362 0.304 0.143 0.02 0.02 0.02 0.0664 0.26 0.34
10 0.282 0.51 0.502 0.423 0.36 0.387 0.359 0.288 0.186 0.174 0.106 0.258 0.338
15 0.28 0.511 0.5 0.425 0.399 0.4 0.405 0.388 0.387 0.311 0.382 0.267 0.339
20 0.281 0.504 0.499 0.445 0.452 0.407 0.388 0.329 0.34 0.261 0.3 0.267 0.344
25 0.279 0.501 0.497 0.469 0.432 0.325 0.276 0.214 0.29 0.02 0.02 0.276 0.341
Epi NO,/NO; 280.71 511.53 500.43 395.47 358.00 319.16 192.61 77.80 55.80 53.22 78.02 258.75 339.84
Hypo NO,/NO; 280.04 509.23 499.61 431.43 408.67 394.27 391.45 365.13 372.45 278.95 339.61 267.79 339.81
Whole NO,/NO; 280.60 509.36 500.02 416.30 384.05 351.63 278.26 196.47 183.15 133.14 156.13 262.70 340.16
Depth (m) 12-Feb-07 13-Mar-07 11-Apr-07 15-May-07 12-Jun-07 10-Jul-07 14-Aug-07 11-Sep-07 3-Oct-07 14-Nov-07 11-Dec-07 15-Jan-08 12-Feb-08
1 0.393 0.351 0.318 0.275 0.208 0.034 0.02 0.02 0.023 0.0975 0.209 0.306 0.301
5 0.386 0.348 0.316 0.277 0.212 0.033 0.02 0.02 0.031 0.0986 0.213 0.3 0.449
10 0.382 0.348 0.323 0.305 0.249 0.278 0.224 0.145 0.202 0.107 0.21 0.296 0.301
15 0.398 0.35 0.355 0.374 0.325 0.376 0.391 0.368 0.337 0.11 0.206 0.298 0.297
20 0.411 0.364 0.361 0.385 0.336 0.366 0.376 0.361 0.354 0.118 0.214 0.3 0.292
25 0.415 0.372 0.36 0.385 0.298 0.332 0.28 0.176 0.174 0.122 0.246 0.3 0.244
Epi NO,/NO; 387.06 348.82 318.06 282.49 218.88 86.12 64.00 46.96 65.69 100.11 211.25 300.78 376.45
Hypo NO,/NO; 401.16 353.73 356.21 376.37 324.02 370.84 379.29 350.17 324.78 112.08 210.55 298.43 291.69
Whole NO,/NO; 394.04 353.00 334.19 322.85 262.28 213.10 195.59 163.78 172.67 106.78 213.72 299.66 332.50
Depth (m) 12-Mar-08 15-Apr-08 13-May-08 9-Jun-08 15-Jul-08 12-Aug-08 9-Sep-08 14-Oct-08 13-Nov-08 9-Dec-08 13-Jan-09 10-Feb-09 10-Mar-09
1 0.282 0.246 0.238 0.191 0.02 0.02 0.02 0.0407 0.185 0.209 0.295 0.402 0.383
5 0.285 0.248 0.237 0.196 0.02 0.02 0.02 0.0426 0.189 0.209 0.381
10 0.295 0.265 0.248 0.223 0.21 0.312 0.0557 0.0435 0.248 0.211 0.381
15 0.3 0.278 0.258 0.278 0.311 0.32 0.265 0.214 0.405 0.218 0.383
20 0.3 0.289 0.276 0.288 0.311 0.313 0.305 0.247 0.291 0.223 0.384
25 0.302 0.299 0.28 0.288 0.3 0.289 0.233 0.215 0.286 0.0468 0.592 0.406 0.386
Epi NO,/NO; 286.33 251.12 239.65 200.45 60.98 82.98 27.70 42.27 200.63 209.43 295.00 402.00 381.55
Hypo NO,/NO; 300.18 281.25 262.24 280.16 310.03 316.37 267.27 218.29 379.97 203.53 592.00 406.00 383.39
Whole NO,/NO; 292.71 266.31 251.96 235.15 172.40 194.62 125.37 113.75 259.54 198.17 443.50 404.00 382.46
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Depth (m) 24-Mar-09 14-Apr-09 28-Apr-09 12-May-09 27-May-09 9-Jun-09 23-Jun-09 14-Jul-09 28-Jul-09 13-Aug-09 25-Aug-09 15-Sep-09 29-Sep-09
1 0.309 0.292 0.22 0.21 0.156 0.086 0.0582 0.01 0.01 0.01 0.01 0.01 0.01
5 0.307 0.306 0.213 0.212 0.155 0.0904 0.0592 0.01 0.01 0.01 0.01 0.01 0.01
10 0.307 0.311 0.258 0.217 0.188 0.165 0.177 0.0943 0.126 0.083 0.107 0.0567 0.01
15 0.313 0.301 0.296 0.227 0.232 0.27 0.288 0.287 0.297 0.282 0.314 0.289 0.303
20 0.312 0.306 0.312 0.273 0.28 0.301 0.297 0.301 0.292 0.292 0.288 0.301 0.299
25 0.32 0.337 0.317 0.287 0.3 0.288 0.269 0.257 0.254 0.227 0.212 0.131 0.275
Epi NO,/NO; 307.55 303.24 224.63 212.53 162.39 105.28 84.33 28.18 35.02 25.75 30.92 20.07 10.00
Hypo NO,/NO; 313.49 304.81 299.89 238.16 244.12 275.54 287.47 286.14 292.57 278.42 301.69 276.59 300.02
Whole NO,/NO; 310.12 307.03 259.77 230.00 204.46 181.14 172.49 134.85 141.77 127.76 136.37 115.96 121.23
Depth (m) 13-Oct-09 27-Oct-09 10-Nov-09 22-Dec-09 12-Jan-10 9-Feb-10 9-Mar-10 23-Mar-10 14-Apr-10 27-Apr-10 11-May-10 26-May-10 14-Jun-10
1 0.011 0.032 0.0981 0.22 0.199 0.215 0.187 0.188 0.183 0.181 0.182 0.17 0.155
5 0.011 0.032 0.0977 0.193 0.188 0.179 0.182 0.185 0.176 0.162
10 0.012 0.033 0.0996 0.186 0.188 0.183 0.188 0.191 0.187 0.246
15 0.231 0.219 0.106 0.196 0.188 0.201 0.203 0.207 0.224 0.236
20 0.286 0.24 0.14 0.217 0.199 0.214 0.208 0.221 0.231 0.241
25 0.017 0.119 0.11 0.219 0.251 0.228 0.239 0.222 0.219 0.215 0.222 0.226 0.228
Epi NO,/NO; 11.22 32.22 98.22 220.00 199.00 215.00 189.84 188.00 180.96 183.02 185.47 176.73 178.20
Hypo NO,/NO; 219.13 212.85 110.69 219.00 251.00 228.00 202.47 192.40 204.25 204.70 210.11 225.07 235.93
Whole NO,/NO; 84.90 98.87 106.17 219.50 225.00 221.50 198.46 192.49 192.29 193.04 197.59 197.28 207.45
Depth (m) 30-Jun-10 14-Jul-10 28-Jul-10 11-Aug-10 25-Aug-10 15-Sep-10 29-Sep-10 13-Oct-10 27-Oct-10 9-Nov-10 14-Dec-10 11-Jan-11 15-Feb-11
1 0.101 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.0757 0.11 0.246 0.304 0.371

5 0.109 0.017 0.01 0.01 0.01 0.01 0.01 0.02 0.0899

10 0.22 0.234 0.158 0.198 0.118 0.04 0.027 0.023 0.0974

15 0.238 0.248 0.254 0.253 0.257 0.265 0.267 0.275 0.0941

20 0.238 0.227 0.239 0.227 0.235 0.231 0.235 0.257 0.241
25 0.223 0.208 0.196 0.185 0.177 0.133 0.0566 0.02 0.155 0.0551 0.247 0.303 0.38
Epi NO,/NO; 130.75 61.88 41.92 50.55 33.29 16.47 13.67 20.65 87.62 110.00 246.00 304.00 371.00
Hypo NO,/NO; 236.68 241.79 246.97 243.69 247.14 249.02 244.36 250.21 118.20 55.10 247.00 303.00 380.00
Whole NO,/NO; 180.15 145.35 129.07 134.75 118.95 99.45 90.70 94.79 115.70 82.55 246.50 303.50 375.50
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Depth (m) 15-Mar-11 29-Mar-11 12-Apr-11 26-Apr-11 10-May-11 24-May-11 14-Jun-11 29-Jun-11 12-Jul-11 10-Aug-11 24-Aug-11 14-Sep-11 28-Sep-11
1 0.341 0.318 0.293 0.275 0.259 0.257 0.225 0.145 0.127 0.016 0.01 0.01 0.013
5 0.34 0.309 0.289 0.282 0.268 0.258 0.232 0.155 0.132 0.017 0.01 0.01 0.013
10 0.341 0.296 0.3 0.28 0.278 0.271 0.27 0.271 0.251 0.23 0.217 0.153 0.011
15 0.344 0.304 0.3 0.29 0.287 0.284 0.305 0.305 0.306 0.305 0.304 0.316 0.308
20 0.337 0.296 0.299 0.295 0.289 0.284 0.304 0.292 0.306 0.306 0.299 0.3 0.295
25 0.337 0.308 0.306 0.287 0.272 0.259 0.285 0.267 0.27 0.271 0.232 0.22 0.193
Epi NO,/NO; 340.49 308.67 292.47 279.65 267.69 260.53 238.27 177.27 156.29 62.67 54.65 40.84 12.57
Hypo NO,/NO; 342.49 303.33 300.40 290.37 285.93 281.79 303.11 299.99 302.82 302.13 297.01 305.49 296.20
Whole NO,/NO; 340.37 304.90 296.57 284.10 275.16 268.48 265.54 231.35 220.91 170.98 161.00 148.65 115.59
Depth (m) 13-Oct-11 25-Oct-11 15-Nov-11 13-Dec-11
1 0.026 0.037 0.0917 0.212
5 0.03 0.036
10 0.036 0.036
15 0.299 0.304
20 0.283 0.27
25 0.174 0.0769 0.144 0.236
Epi NO,/NO; 30.20 36.27 91.70 212.00
Hypo NO,/NO; 285.93 279.63 144.00 236.00
Whole NO,/NO; 122.28 115.80 117.85 224.00
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Lake Sammamish Alkalinity

1of5
4/2/1981 4/16/1981 4/30/1981 5/14/1981 6/3/1981 6/18/1981 7/1/1981 7/13/1981 7/29/1981 8/13/1981 8/26/1981 9/10/1981 9/24/1981
Depth (m) spring spring spring spring summer summer summer summer summer summer summer autumn autumn
1 34 32 34 33 34 34 34 34 34 36 37 36 35
5 34 35 34 35 34 34 34 34 35 36 37 36 37
10 34 33 34 34 33 34 34 34 34 35 35 35 36
15 34 33 34 34 33 34 34 33 33 33 35 33 36
20 34 33 34 34 33 33 33 33 34 34 35 34 37
25 33 32 34 33 33 34 33 32 35 36 38 39 43
Epi Alkalinity 34 34 34 34 34 34 34 34 35 36 37 36 36
Whole Alkalinity 34 33 34 34 33 34 34 34 34 35 36 35 37
10/14/1981 10/28/1981 11/10/1981 11/24/1981 12/9/1981 1/7/1982 2/9/1982 3/3/1982 3/16/1982 4/15/1982 5/13/1982 5/25/1982 6/8/1982
Depth (m) autumn autumn autumn autumn winter winter winter spring spring spring spring spring summer
1 33 36 35 37 35 33 33 32 32 31 29 32 30
5 33 35 35 37 35 34 33 32 32 31 33 32 32
10 32 35 35 38 35 35 33 31 32 31 31 31 31
15 32 35 35 38 35 35 33 30 32 31 31 31 31
20 34 37 40 37 35 35 33 32 32 31 31 30 30
25 41 46 40 36 36 35 33 32 32 31 31 31 31
Epi Alkalinity 33 35 35 37 35 34 33 32 32 31 31 32 31
Whole Alkalinity 33 36 36 37 35 34 33 31 32 31 31 31 31
6/29/1982 7/12/1982 7/27/1982 8/10/1982 8/24/1982 9/8/1982 10/25/1982 11/8/1982 11/23/1982 12/8/1982 12/21/1982 1/18/1983 2/7/1983
Depth (m) summer summer summer summer summer autumn autumn autumn autumn winter winter winter winter
1 32 34 33 34 36 35 36 34 35 35 32 32 36
5 34 33 34 34 36 35 36 35 36 34 34 32 31
10 32 31 32 32 33 33 33 35 37 34 34 32 32
15 32 30 31 32 32 31 34 34 36 35 33 32 31
20 34 31 32 32 33 32 36 36 36 34 33 33 31
25 32 32 33 35 36 36 40 40 36 34 32 32 31
Epi Alkalinity 33 33 33 34 35 35 35 35 36 34 33 32 33
Whole Alkalinity 33 32 33 33 34 34 35 35 36 34 33 32 32
6/29/1982 7/12/1982 7/27/1982 8/10/1982 8/24/1982 9/8/1982 10/25/1982 11/8/1982 11/23/1982 12/8/1982 12/21/1982 1/18/1983 2/7/1983
Depth (m) summer summer summer summer summer autumn autumn autumn autumn winter winter winter winter
1 32 34 33 34 36 35 36 34 35 35 32 32 36
5 34 33 34 34 36 35 36 35 36 34 34 32 31
10 32 31 32 32 33 33 33 35 37 34 34 32 32
15 32 30 31 32 32 31 34 34 36 35 33 32 31
20 34 31 32 32 33 32 36 36 36 34 33 33 31
25 32 32 33 35 36 36 40 40 36 34 32 32 31
Epi Alkalinity 33 33 33 34 35 35 35 35 36 34 33 32 33
Whole Alkalinity 33 32 33 33 34 34 35 35 36 34 33 32 32
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Lake Sammamish Alkalinity

2 of 5
2/23/1983 3/8/1983 3/22/1983 6/20/1983 9/12/1983 12/5/1983 3/5/1984 5/22/1984 9/26/1984 12/5/1984 2/20/1985 5/22/1985 8/21/1985
Depth (m) winter spring spring summer autumn winter spring spring autumn winter winter spring summer
1 32 31 33 31 35 35 34 32 37 36 34 35 36
5 32 31 33 31 35 34 33 32 36 36 34 35 37
10 32 32 32 30 34 34 33 32 37 36 34 35 35
15 31 32 32 60 32 35 34 32 35 36 34 34 36
20 31 32 32 29 32 34 34 32 35 36 30 36 35
25 31 28 33 30 38 36 34 32 40 36 33 34 42
Epi Alkalinity 32 31 33 31 35 34 33 32 36 36 34 35 36
Whole Alkalinity 32 31 32 35 34 34 34 32 36 36 33 35 36
11/14/1985 2/25/1986 5/21/1986 8/6/1986 11/4/1986 2/4/1987 5/6/1987 8/5/1987 11/4/1987 2/3/1988 5/18/1988 8/3/1988 11/30/1988
Depth (m) autumn winter spring summer autumn winter spring summer autumn winter spring summer autumn
1 34 36 34 35 37 37 22 39 38 38 34 38 38
5 37 35 36 35 38 35 30 38 38 37 37 37.5 38
10 37 35 34 35 37 36 34 36 39 38 36 37 37
15 36 36 34 33 38 36 31 35 37 38 37 36 37
20 36 35 35 31 41 36 31 35 42 37 37 35 38
25 45 36 35 37 51 37 30 40 50 38 37 35 37
Epi Alkalinity 36 35 35 35 38 36 29 38 38 37 36 38 38
Whole Alkalinity 37 35 35 34 39 36 30 37 40 38 36 37 38
5/10/1989 10/11/1989 1/3/1990 3/6/1990 7/11/1990 10/10/1990 1/8/1991 4/2/1991 7/1/1991 10/8/1991 1/6/1992 4/7/1992 7/7/1992
Depth (m) spring autumn winter spring summer autumn winter spring summer autumn winter spring summer
1 37 42 39 39 33 39 36 33 36 39 38 38 39
5 38 41 38 37 34 39 36 35 36 39 38 38 39
10 36 41 38 36 31 39 36 35 35 38 38 38 38
15 29 37 39 36 30 37 36 35 34 35 38 38 37
20 34 39 40 36 31 37 35 35 33 38 38 37 36
25 36 51 40 36 32 43 36 35 35 45 38 37 38
Epi Alkalinity 37 41 38 37 33 39 36 34 36 39 38 38 39
Whole Alkalinity 35 41 39 37 32 39 36 35 35 39 38 38 38
10/6/1992 1/5/1993 4/6/1993 7/7/1993 10/5/1993 1/6/1994 5/3/1994 10/4/1994 1/17/1995 4/4/1995 7/10/1995 10/2/1995 1/3/1996
Depth (m) autumn winter spring summer autumn winter spring autumn winter spring summer autumn winter
1 41 38 39 40 41 42 43 45 41 40 42 43.3 39.2
5 42 45 40 44 43.5 39.2
10 41 38 39 38 40 42 41 45 42 39 41 43.4 39.1
15 40 42 39 40 41.1 39.4
20 40 44 40 40 42.5 39.2
25 45 38 39 39 48 38 41 52 41 40 42 51.1 39.1
Epi Alkalinity 42 38 39 40 41 42 43 45 41 40 43 43 39
Whole Alkalinity 41 38 39 39 42 41 42 45 41 40 42 44 39
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Lake Sammamish Alkalinity

30of 5

4/10/1996 7/2/1996 10/1/1996 4/2/1997 7/2/1997 10/8/1997 1/7/1998 4/6/1998 7/6/1998 10/7/1998 1/5/1999 4/6/1999 7/7/1999
Depth (m) spring summer autumn spring summer autumn winter spring summer autumn winter spring summer
1 354 35.5 39.9 34.9 38.1 38.8 37.7 38.8 40.7 43.4 373 34.1 375
5 34.6 36.8 40.6 35.1 37.9 38.5 38 39.1 40.3 43 36.9 34.4 373
10 35 35.6 40.6 34.8 36 38.4 37.6 38.5 38.1 41.6 37.1 345 37
15 35.1 34.7 37.6 34.9 35.6 37.8 37.6 38.3 38.4 39.6 36.8 34.7 36.2
20 35.2 35.6 39 33.9 354 38.3 37.2 38.2 38 42 36.8 345 36.1
25 35.1 35.8 443 34.9 37.1 40.9 37.8 39 38.2 50.5 37.6 33.9 36.9
Epi Alkalinity 35 36 40 35 38 39 38 39 40 43 37 34 37
Whole Alkalinity 35 36 40 35 37 39 38 39 39 43 37 34 37
10/5/1999 1/5/2000 4/4/2000 7/5/2000 10/3/2000 1/3/2001 4/3/2001 7/2/2001 10/2/2001 1/9/2002 4/2/2002 7/1/2002 10/7/2002
Depth (m) autumn winter spring summer autumn winter spring summer autumn winter spring summer autumn
1 40.6 37.4 375 39.7 425 41 41.6 43.2 43.8 40.1 39.1 40.3 42.7
5 40.6 36.9 374 39.7 425 42.2 41.4 43.4 43.9 38.9 40.3 42.9
10 40.4 37.1 37.1 38.5 42.6 41.8 41.8 42.3 43.9 38.9 38.9 42.7
15 37.6 37.1 37.1 38.3 38.9 41.3 415 42.1 42 38.6 38.1 39.7
20 38.7 37.2 36.9 37.6 40 42.1 413 41.7 42.9 38.4 37.9 41.1
25 43.6 37.3 36.9 37.9 41.7 41.8 41.6 42.2 53.6 40.3 38.3 38.7 48.7
Epi Alkalinity 41 37 37 39 43 42 42 43 44 40 39 40 43
Whole Alkalinity 40 37 37 39 42 42 42 43 44 40 39 39 43
1/7/2003 4/8/2003 7/8/2003 10/6/2003 1/8/2004 4/5/2004 7/7/2004 10/5/2004 1/4/2005 4/5/2005 7/7/2005 10/4/2005 1/4/2006
Depth (m) winter spring summer autumn winter spring summer autumn winter spring summer autumn winter
1 41.8 39.6 42.6 44.2 40.8 40.4 42.6 43.3 41.2 41.4 44.1 44.7 45.1
5 423 39.4 42.4 43.9 40.9 39.8 425 43.1 42 41.6 43.9 45.3 445
10 41.4 39 40.8 43.4 40.9 39.9 40.6 42.7 41.4 41.4 42.9 45.1 45.5
15 40.3 39.3 39.8 40.8 41 39.8 39.6 41 41.6 41.5 423 49.1 45
20 41.1 41 40.1 42.1 40.8 39.3 39.5 41.1 41.2 41.4 423 44.5 47
25 42 40.8 40.2 51.4 413 39.5 39.5 46.1 40.7 41.3 42.8 51.3 53.3
Epi Alkalinity 42 39 42 44 41 40 42 43 42 42 44 45 45
Whole Alkalinity 42 40 41 44 41 40 41 43 41 41 43 46 46
4/4/2006 7/5/2006 10/3/2006 1/4/2007 4/11/2007 7/10/2007 8/14/2007 10/3/2007 1/15/2008 4/15/2008 7/15/2008 10/14/2008 1/13/2009
Depth (m) spring summer autumn winter spring summer summer autumn winter spring summer autumn winter
1 39.3 40.7 43.9 38.5 36.8 39.6 40.6 40.9 37.9 39.4 41.7 42.7 41.4

5 39.5 40.6 43.9 38.1 37 39.6 40.5 40.8 39.4 39.3 41.8 42.7

10 38.9 39.3 42.4 38.1 37.1 38.2 38.7 39.1 39 39.2 40.1 42.7

15 39.2 39.4 40.8 38 37 37.3 374 37.9 38.6 39 39.5 41.7

20 39.1 39.1 413 38.1 37.1 37.5 37.6 38.4 38.3 39.3 39.6 42.1
25 39 39.2 45.7 38.3 36.9 37.8 38.8 43.4 37.9 38.6 39.8 42.9 35.2
Epi Alkalinity 39 40 44 38 37 39 40 40 39 39 41 43 41
Whole Alkalinity 39 40 43 38 37 38 39 40 39 39 41 42 38
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Lake Sammamish Alkalinity

40f5

2/10/2009 3/10/2009 3/24/2009 4/14/2009 4/28/2009 5/12/2009 5/27/2009 6/9/2009 6/23/2009 7/14/2009 7/28/2009 8/13/2009 8/25/2009
Depth (m) winter spring spring spring spring spring spring summer summer summer summer summer summer
1 40.2 37.8 36.2 40.6 33.8 42.1 40.9 39.1 41.9 44.3 45.1 41.2 44.4
5 39.6 37.7 39.7 33 43.2 40.2 39.7 42.1 44.1 44.9 43.2 435
10 38.7 373 39.7 33 42.2 37.8 373 40.8 41.6 41 42.4 41.7
15 37 36.7 39.7 36.3 43.7 37.9 39.5 39.2 40.5 38.8 40.7 40.7
20 39.4 345 39.8 32.6 39 40.1 39.6 39.6 40.9 40.2 40.7 41.2
25 40.3 36.9 354 39.7 33.8 37.8 41.1 40 39.8 40.1 50.9 41.6 433
Epi Alkalinity 40 39 37 40 33 43 40 39 42 44 44 42 43
Whole Alkalinity 40 38 37 40 34 42 39 39 41 42 43 42 42
9/15/2009 9/29/2009 10/13/2009 10/27/2009 11/10/2009 12/22/2009 1/12/2010 2/9/2010 3/9/2010 3/23/2010 4/14/2010 4/27/2010 5/11/2010
Depth (m) autumn autumn autumn autumn autumn winter winter winter spring spring spring spring spring
1 43.6 43 45.2 47.6 46.2 42.9 40.9 41.9 40.6 41.8 41.6 41 413
5 44.8 45.1 445 44.4 44.1 40.3 45 41.4 41 413
10 41.9 45.3 44.6 46.7 46.5 42.1 41.9 415 41.2 41.2
15 415 40.2 45.8 46.4 44.4 415 45 41.4 41.1 413
20 40.7 41.2 42 47.2 43.9 40.7 44.5 41.1 41.1 41.2
25 47.5 41 49.6 47 47.2 41.9 42 48.8 37 44.8 41.1 41 41
Epi Alkalinity 44 45 45 46 45 43 41 42 41 43 41 41 41
Whole Alkalinity 43 43 45 46 45 42 41 45 41 44 41 41 41
5/26/2010 6/14/2010 6/30/2010 7/14/2010 7/28/2010 8/11/2010 8/25/2010 9/15/2010 9/29/2010 10/13/2010 10/27/2010 11/9/2010 12/14/2010
Depth (m) spring summer summer summer summer summer summer autumn autumn autumn autumn autumn winter
1 41.1 40.7 40.8 42 41.8 42.3 42.7 42,5 42.6 43.4 43.6 40.4 42.2

5 41 40.7 40.6 42 42.2 42.4 39.2 42,5 42.6 43.3 43.6 43.6

10 41 39.9 39.9 40.9 40.6 40.6 354 42.3 42.7 43.3 44 44

15 40.8 40.7 40.4 41.1 40.7 41 37.8 40.7 41 41.7 43.6 43.6

20 40.6 40.5 40.5 41.2 40.9 415 39.8 41.9 42.4 42.8 433 43.3
25 40.1 40.4 40.7 42 42.2 43 433 44.9 48.1 49.4 45.6 46.4 42.2
Epi Alkalinity 41 41 41 42 42 42 39 42 43 43 44 43 42
Whole Alkalinity 41 40 40 42 41 42 39 42 43 44 44 43 42
1/11/2011 2/15/2011 3/15/2011 3/29/2011 4/12/2011 4/26/2011 5/10/2011 5/24/2011 6/14/2011 6/29/2011 7/12/2011 8/10/2011 8/24/2011
Depth (m) winter winter spring spring spring spring spring spring summer summer summer summer summer
1 40.8 39.4 39.3 38.4 36.4 37.2 35.6 34.9 37.7 38.3 41.2 41.4 41.1
5 39.6 38.1 36.5 35.6 35.2 36 33.2 37.6 39.5 41.3 41.1
10 39.5 36.8 35 36.7 36.3 35.8 35 36.8 40.5 39.2 38.9
15 39.1 38.3 35.7 36.6 35.9 36 354 34 38.3 38.9 38
20 40.4 39.1 36.1 36.2 36.4 36 345 36.3 38.1 39.7 38.4
25 41.2 38.9 39.1 38.8 35.9 36.3 353 36.3 36.4 36.6 39 39.9 40.4
Epi Alkalinity 41 39 39 38 36 36 36 36 35 38 40 41 41
Whole Alkalinity 41 39 40 38 36 36 36 36 35 37 40 40 40
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Lake Sammamish Alkalinity

50f5
9/14/2011 9/28/2011 10/13/2011 10/25/2011 11/15/2011 12/13/2011
Depth (m) autumn autumn autumn autumn autumn winter
1 41.4 42.4 419 42.7 39.3 39.4
5 42.6 42.3 42 42.3 42.3
10 39.6 42.7 42.1 42.4 42.4
15 38.2 39.4 40.4 39.8 39.8
20 39.2 39.8 40.3 41.2 41.2
25 41.8 43.8 435 49 40.4 38.6
Epi Alkalinity 42 42 42 42 41 39
Whole Alkalinity 41 42 42 42 41 39
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Lake Sammamish pH

1of 15
Depth (m) 1/7/1982 2/9/1982 3/3/1982 3/16/1982 4/15/1982 4/27/1982 5/13/1982 5/25/1982 6/8/1982 6/29/1982 7/12/1982 7/27/1982 8/10/1982
1 7.2 7.3 7.5 7.6 7.6 7.7 8.7 8 7.7 9 8.8 8.8 8.8
5 7 7.2 7.5 7.7 7.7 7.6 8.4 8.1 8 9.1 8.8 9 8.7
10 6.9 7.3 7.2 7.6 7.7 7.5 7.6 7.4 7.3 7.5 7.1 7.5 7.2
15 6.9 7.3 7.5 7.7 7.7 7.5 7.4 7.2 7.2 7.1 7 6.9 7
20 6.9 7.2 7.4 7.6 7.6 7.4 7.2 7 7 6.9 6.9 6.8 7.1
25 7 7.3 7.5 7.5 7.6 7.3 7.1 7 6.9 6.8 6.8 6.8 7.3
Epi pH 7.0 7.2 7.4 7.7 7.7 7.6 8.3 7.9 7.8 8.7 8.4 8.6 8.4
Meta pH 6.9 7.3 7.2 7.6 7.7 7.5 7.6 7.4 7.3 7.5 7.1 7.5 7.2
Hypo pH 6.9 7.3 7.5 7.6 7.6 7.4 7.2 7.1 7.0 6.9 6.9 6.8 7.1
Depth (m) 8/24/1982 9/8/1982 9/28/1982 10/12/1982 10/25/1982 11/8/1982 11/23/1982 12/8/1982 12/21/1982 1/18/1983 2/7/1983 2/23/1983 3/8/1983
1 8.4 8.8 9 8.6 7.8 7.3 6.9 7.4 7.1 7.5 7.6 7.1 7.1
5 9 8.7 8.8 8.5 7.8 7.3 6.9 7.4 7 7.5 7.6 7.4 7.5
10 7.7 7.1 7.3 8.3 7.7 7.2 6.9 7.5 7 7.4 7.6 6.8 7.2
15 6.9 6.6 6.6 6.9 7.5 7.2 6.9 7.4 7 7.4 7.6 6.6 7.2
20 6.8 6.5 6.5 7.3 7.5 6.9 6.9 7.4 7.1 7.3 7.6 6.4 7.1
25 6.8 6.7 6.2 7.7 7.5 6.9 6.6 7.3 7.1 6.6 7.6 6 7.2
Epi pH 8.6 8.4 8.5 8.5 7.8 7.3 6.9 7.4 7.0 7.5 7.6 7.2 7.3
Meta pH 7.7 7.1 7.3 8.3 7.7 7.2 6.9 7.5 7.0 7.4 7.6 6.8 7.2
Hypo pH 6.8 6.6 6.4 7.3 7.5 7.0 6.8 7.4 7.1 7.1 7.6 6.3 7.2
Depth (m) 3/22/1983 4/11/1983 4/25/1983 5/9/1983 5/23/1983 6/6/1983 6/20/1983 7/5/1983 7/25/1983 8/9/1983 8/22/1983 9/12/1983 9/26/1983
1 7.3 7.5 8.3 7.3 8 85 8.7 8.4 8.9 8.6 8.9 8.9 9.1
5 7.5 7.6 8.5 7.3 79 8.5 8.9 8.7 8.9 8.6 8.9 8.7 8.7
10 7.2 7.8 7.6 7.6 7.3 6.8 7.3 7.2 8.6 7.5 8.3 7.3 8
15 8.4 7.5 8 8.4 7.3 6.4 7.3 7.1 7.8 6.8 7.5 7.2 7.4
20 7.5 7.5 8 7.6 7.2 6.3 7.4 7.7 7.6 6.8 7.1 7.4 7.7
25 7.5 7.6 8.1 7.5 7 6.1 7.5 7.1 7.4 7.6 6.8 7.5 7.9
Epi pH 7.4 7.6 8.3 7.4 7.8 8.1 8.5 8.3 8.8 8.4 8.8 8.5 8.7
Meta pH 7.2 7.8 7.6 7.6 7.3 6.8 7.3 7.2 8.6 7.5 8.3 7.3 8.0
Hypo pH 7.7 7.5 8.0 7.8 7.2 6.3 7.4 7.4 7.6 7.0 7.1 7.4 7.7
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Lake Sammamish pH

2 of 15
Depth (m) 10/10/1983 10/24/1983 11/8/1983 11/21/1983 12/5/1983 1/9/1984 2/8/1984 2/21/1984 3/5/1984 4/2/1984 4/16/1984 5/9/1984 5/22/1984
1 8.6 8.5 7.1 7.3 7 7.5 7.2 7.4 7.3 7.6 8.7 85 8.4
5 8.9 8.6 7.2 7.3 7.1 7.5 7.3 7.3 7.3 8.2 8.3 8.5 8.4
10 8.5 8.3 7.3 7.3 7.2 7.5 7.2 7.3 7.4 7.3 7.7 8.3 8.3
15 7.3 7.9 7.2 7.3 7.3 7.4 7.2 7.3 7.3 7.5 7.6 7.7 7.8
20 7.6 7.9 7.1 7.3 7.4 7.4 6.9 7.2 7.3 7.1 7.5 7.2 7.7
25 7.8 7.9 7.2 7.3 7.4 7.2 6.9 6.8 7.3 7.2 7.4 7.2 7.9
Epi pH 8.7 8.5 7.2 7.3 7.1 7.5 7.3 7.3 7.3 7.8 8.3 8.5 8.4
Meta pH 8.5 8.3 7.3 7.3 7.2 7.5 7.2 7.3 7.4 7.3 7.7 8.3 8.3
Hypo pH 7.6 7.9 7.2 7.3 7.4 7.3 7.0 7.1 7.3 7.2 7.5 7.3 7.8
Depth (m) 6/5/1984 6/19/1984 7/10/1984 7/24/1984 8/7/1984 8/22/1984 9/12/1984 9/26/1984 10/10/1984 10/24/1984 11/7/1984 11/27/1984 12/5/1984
1 8.1 8.2 9 8.9 9.2 9.1 9.2 9.2 9.1 8 7.4 7 7.5
5 8.3 8.3 8.9 9 9.1 9.2 9.2 9.1 9 7.9 7.4 7.1 7.5
10 7.6 7.9 7 8.2 8 8.6 8.9 8.9 9.1 7.9 7.4 7.1 7.5
15 7.4 7.1 7 6.9 6.9 7.2 6.9 6.8 6.9 7.9 7.4 7.1 7.5
20 7.4 7 7 6.7 7 6.7 6.9 7.1 6.9 6.8 7.3 7.2 7.5
25 7.3 6.9 6.8 6.7 7.7 6.7 7.1 7.3 7.3 6.8 7.3 7.3 7.5
Epi pH 8.1 8.2 8.5 8.8 8.9 9.0 9.1 9.1 9.0 7.9 7.4 7.1 7.5
Meta pH 7.6 7.9 7.0 8.2 8.0 8.6 8.9 8.9 9.1 7.9 7.4 7.1 7.5
Hypo pH 7.4 7.0 6.9 6.8 7.2 6.8 7.0 7.1 7.0 7.1 7.3 7.2 7.5
Depth (m) 12/27/1984 1/9/1985 1/30/1985 2/6/1985 2/20/1985 3/13/1985 3/27/1985 4/10/1985 4/24/1985 5/9/1985 5/22/1985 6/4/1985 6/19/1985
1 7.2 7.1 7.2 7.5 7.1 8.7 8.7 9 8.9 8.8 8.7 8.7 8.6
5 7.2 7.1 7.4 7.5 7.7 8.9 8.9 9.2 8.9 8.9 8.8 8.7 8.8
10 7.2 7 7.4 7.5 7.5 7.9 8.7 8.6 8.5 8.9 8.6 8.6 8.6
15 7.2 7.1 7.5 7.5 7.7 7.8 8.6 8.5 8.4 8.7 8.2 8.2 7.9
20 7.2 7 7.4 7.5 7.5 7.8 8.4 8.2 8.1 8.3 7.5 7.8 7.2
25 7.2 7 7.3 7.5 7.6 7.9 7.7 7.9 7.9 7.8 8.1 7.3 7.1
Epi pH 7.2 7.1 7.3 7.5 7.5 8.6 8.8 9.0 8.8 8.9 8.7 8.7 8.7
Meta pH 7.2 7.0 7.4 7.5 7.5 7.9 8.7 8.6 8.5 8.9 8.6 8.6 8.6
Hypo pH 7.2 7.0 7.4 7.5 7.6 7.8 8.2 8.2 8.1 8.3 7.9 7.8 7.4
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Lake Sammamish pH

30f 15
Depth (m) 7/3/1985 7/24/1985 8/7/1985 8/21/1985 9/11/1985 9/25/1985 10/9/1985 10/22/1985 11/14/1985 12/3/1985 12/18/1985 1/8/1986 1/23/1986
1 9 8.9 8.6 8.5 8.6 8.3 7.4 7.6 7.5 7.5 7.4 7.5 7.5
5 9.1 9 8.6 8.4 7.8 7.8 7.5 7.6 7.3 7.5 7.1 7.4 7.5
10 8.2 7.8 8.9 8.3 8 8 7.9 7.7 7.4 7.4 7.3 7.4 7.5
15 7.5 7.5 8.2 7.1 8 7.1 79 7.7 7.4 7.5 7.2 7.4 7.5
20 7.4 7.1 7.1 7.1 7.1 7.1 7 7.6 7.3 7.5 7.3 7.4 7.5
25 8.3 7.6 7.2 7.7 6.9 7.2 6.8 7 7.1 7.4 7.4 7.4 7.4
Epi pH 8.9 8.7 8.7 8.4 8.1 8.0 7.6 7.6 7.4 7.5 7.2 7.4 7.5
Meta pH 8.2 7.8 8.9 8.3 8.0 8.0 7.9 7.7 7.4 7.4 7.3 7.4 7.5
Hypo pH 7.7 7.4 7.4 7.3 7.3 7.1 7.2 7.4 7.3 7.5 7.3 7.4 7.5
Depth (m) 2/5/1986 2/25/1986 3/12/1986 3/26/1986 4/9/1986 4/23/1986 5/7/1986 5/21/1986 6/4/1986 6/18/1986 7/9/1986 7/23/1986 8/6/1986
1 7.8 7.9 9 9.2 9.2 8.9 8.4 8.4 8.2 8.3 8.7 8.7 8.5
5 7.2 7.5 8.7 9 9.3 8.7 8.4 8.4 8.3 8.1 8.3 8 8.3
10 7.7 7.7 8.1 8.6 9.2 8.7 8.2 8.4 7.9 8.7 7.7 7.4 7.7
15 7.7 7.6 8.1 8.7 8.8 8.3 7.7 7.9 7.3 8.3 7.4 7.3 8.4
20 7.7 7.6 8.3 8.2 8.3 7.7 8.1 7.8 7.6 8 7.3 7.5 7.7
25 7.8 7.2 8.4 7.8 8.2 7.5 7.6 7.4 7.1 7.6 8.2 8.4 7.3
Epi pH 7.5 7.7 8.7 9.0 9.3 8.8 8.4 8.4 8.2 8.3 8.3 8.1 8.2
Meta pH 7.7 7.7 8.1 8.6 9.2 8.7 8.2 8.4 7.9 8.7 7.7 7.4 7.7
Hypo pH 7.7 7.5 8.3 8.2 8.4 7.8 7.8 7.7 7.4 8.0 7.6 7.7 7.8
Depth (m) 8/20/1986 9/9/1986 9/24/1986 10/8/1986 10/22/1986 11/4/1986 11/20/1986 12/3/1986 12/17/1986 1/7/1987 2/4/1987 3/4/1987 3/25/1987
1 8 8.3 8.7 7.1 7.5 8.1 6.5 7.9 6.9 7.8 7.2 6.9 7.7
5 8.4 8.2 8.7 7.8 7.2 7.2 6.8 7.4 7.1 7.6 7.2 7 8.2
10 8.8 8.3 8.7 7.9 6.9 7.2 6.9 7.4 7.1 7.6 7.2 7 7.8
15 8.4 8.2 7 7.8 6.9 7.3 6.9 7.6 7.1 7.6 7.2 7.1 7.7
20 7.4 7.5 6.9 7.2 7 7.3 6.8 7.6 7.1 7.6 7.3 7.1 8
25 7 7 7 6.7 7.1 6.8 6.6 8.3 7.1 7.8 7.2 7.2 8
Epi pH 8.4 8.2 8.7 7.6 7.2 7.4 6.7 7.5 7.0 7.7 7.2 7.0 8.0
Meta pH 8.8 8.3 8.7 7.9 6.9 7.2 6.9 7.4 7.1 7.6 7.2 7.0 7.8
Hypo pH 7.5 7.5 7.0 7.2 7.0 7.2 6.8 7.8 7.1 7.7 7.2 7.1 7.9
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Lake Sammamish pH

4 of 15
Depth (m) 4/8/1987 4/22/1987 5/6/1987 5/20/1987 6/3/1987 6/17/1987 7/8/1987 7/22/1987 8/5/1987 8/19/1987 9/9/1987 9/23/1987 10/7/1987
1 7.8 9.1 8.9 8.7 8.3 8.4 9 8.8 8.5 8.4 8.3 7.2 7.6
5 8.3 9.1 8.5 8.8 8.5 8.2 9 8.9 8.4 8.2 8.4 8.3 8.1
10 7.7 9 8.5 8.1 7.5 7 8.3 8.1 6.9 7.8 8 7.8 7.8
15 7.5 8.4 8.1 7.1 7.1 6.8 6.9 7.6 6.9 7.6 7.7 8 7.6
20 7.4 7.3 7.5 6.9 7 6.8 6.8 7.1 7.1 7.1 7.2 7.2 7
25 7.8 7.1 7.1 6.8 7.4 7 7.1 6.8 7.1 6.9 6.9 6.9 6.8
Epi pH 8.0 9.1 8.6 8.6 8.2 8.0 8.8 8.7 8.1 8.2 8.3 7.9 7.9
Meta pH 7.7 9.0 8.5 8.1 7.5 7.0 8.3 8.1 6.9 7.8 8.0 7.8 7.8
Hypo pH 7.5 7.5 7.5 6.9 7.1 6.9 6.9 7.1 7.0 7.2 7.2 7.3 7.1
Depth (m) 10/21/1987 11/4/1987 11/18/1987 12/9/1987 1/6/1988 2/3/1988 3/2/1988 3/23/1988 4/6/1988 4/20/1988 5/3/1988 5/18/1988 6/8/1988
1 6.8 7.4 7.1 7.4 7.5 7.4 7.2 7.3 7.7 7.7 7.8 7.7 7.7
5 6.9 7.4 7.1 7.4 7.2 7.4 7.2 7.1 7.7 7.7 7.7 7.5 7.8
10 6.8 7.3 7.1 7.5 7.4 7.3 7.2 7.3 7.7 7.6 7.6 7.6 7.7
15 6.6 7.3 7.2 7.4 7.3 7.4 7.2 7.3 7.7 7.6 7.6 7.5 7.8
20 6.4 7.2 7.2 7.4 7.5 7.4 7.3 7.4 7.6 7.5 7.6 7.5 7.7
25 7 7.2 7.1 7.4 7.4 7.4 7.4 7.5 7.6 7.6 7.4 7.6 7.7
Epi pH 6.9 7.4 7.1 7.4 7.3 7.4 7.2 7.2 7.7 7.7 7.7 7.6 7.8
Meta pH 6.8 7.3 7.1 7.5 7.4 7.3 7.2 7.3 7.7 7.6 7.6 7.6 7.7
Hypo pH 6.6 7.2 7.2 7.4 7.4 7.4 7.3 7.4 7.6 7.6 7.5 7.5 7.7
Depth (m) 6/22/1988 7/6/1988 7/20/1988 8/3/1988 8/17/1988 9/7/1988 9/21/1988 10/4/1988 10/19/1988 11/8/1988 11/30/1988 12/14/1988 1/18/1989
1 8.9 8.9 8.6 8.7 8.8 8.3 8.1 7.9 7.4 7.4 7.5 6.6 7.4
5 9 8.9 8.7 8.8 8.8 8.2 8.2 8 7.6 7.4 7.5 6.9 7.6
10 8.6 85 7.6 8.9 8.4 8.2 8.2 7.9 7.5 7.6 7.5 6.9 7.6
15 7.6 7.4 7.3 7.2 7.8 7.7 7.8 7.8 7.4 7.4 7.5 6.9 7.6
20 7.6 6.9 7 7.1 7.5 7.4 7.4 8 7.3 7.3 7.4 7 7.6
25 6.9 6.8 6.7 7.9 7.3 7.2 7 7.1 6.9 7 7.4 7 7.6
Epi pH 8.9 8.8 8.4 8.8 8.7 8.2 8.2 8.0 7.5 7.4 7.5 6.8 7.5
Meta pH 8.6 8.5 7.6 8.9 8.4 8.2 8.2 7.9 7.5 7.6 7.5 6.9 7.6
Hypo pH 7.4 7.0 7.0 7.4 7.5 7.4 7.4 7.7 7.2 7.2 7.4 7.0 7.6
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Lake Sammamish pH

50f 15
Depth (m) 2/8/1989 3/8/1989 3/21/1989 4/5/1989 4/19/1989 5/10/1989 5/24/1989 6/7/1989 7/12/1989 8/8/1989 9/6/1989 10/11/1989 11/8/1989
1 7.5 7.5 7.7 8.2 9.9 8.9 8.9 9 8.8 8.3 8 8.7 7.6
5 7.5 7.6 7.7 8.3 10.1 8.9 8.8 9 8.9 8.3 7.9 8.7 7.6
10 7.5 7.6 7.6 8.3 9.7 8.1 8.6 8.7 8.4 7.8 7.6 8.7 7.4
15 7.5 7.6 7.7 8.3 8.7 7.9 7.8 8 8.1 7.5 7.3 7.7 7.4
20 7.5 7.6 7.6 8.4 9.2 7.7 7.9 7.9 7.9 7.3 7.4 7.3 7
25 7.6 7.6 7.6 8.4 8.2 8.8 7.7 7.8 7.9 7.3 7.3 6.6 6.9
Epi pH 7.5 7.6 7.7 8.3 10.0 8.7 8.8 8.9 8.8 8.2 7.9 8.7 7.6
Meta pH 7.5 7.6 7.6 8.3 9.7 8.1 8.6 8.7 8.4 7.8 7.6 8.7 7.4
Hypo pH 7.5 7.6 7.6 8.4 8.8 8.1 7.8 7.9 8.0 7.4 7.3 7.2 7.1
Depth (m) 12/6/1989 1/3/1990 2/15/1990 3/6/1990 3/20/1990 4/3/1990 4/17/1990 5/8/1990 5/22/1990 6/5/1990 7/11/1990 8/8/1990 9/5/1990
1 7.3 7.3 7.5 7.7 7.1 8.8 8.4 7.7 7.1 7.6 9.2 9.1 9
5 7.4 7.3 7.6 7.7 7.5 8.8 8.4 7.7 7.3 8 9.3 9.1 8.9
10 7.3 7.3 7.7 7.7 7.5 85 8.2 7.7 7.4 7.9 7.9 7.7 8.3
15 7.3 7.4 7.7 7.6 7.6 7.9 7.7 7.7 7.5 7.6 7.9 7.4 7.5
20 7.2 7.3 7.7 7.6 7.6 7.9 7.6 7.6 7.4 7.6 7.8 7.1 7.1
25 7.2 7.3 7.7 7.6 7.5 7.8 7.6 7.5 7.3 7.4 7 7 6.9
Epi pH 7.4 7.3 7.6 7.7 7.4 8.7 8.4 7.7 7.3 7.9 9.0 8.8 8.8
Meta pH 7.3 7.3 7.7 7.7 7.5 85 8.2 7.7 7.4 7.9 7.9 7.7 8.3
Hypo pH 7.2 7.3 7.7 7.6 7.6 7.9 7.6 7.6 7.4 7.5 7.6 7.2 7.1
Depth (m) 10/10/1990 11/7/1990 1/8/1991 2/5/1991 3/18/1991 4/2/1991 4/16/1991 5/15/1991 5/29/1991 6/12/1991 7/1/1991 8/7/1991 9/25/1991
1 7.6 7.2 6.7 6.6 7.4 7.5 8.8 8.7 8.9 8.4 8.7 9.1 8.3
5 7.8 7.1 6.9 6.6 7.5 7.5 8.7 8.7 8.8 8.5 8.6 9.1 8.3
10 7.8 7.2 7 6.8 7.5 7.4 7.6 8.1 7.9 7.8 8.1 8.8 7.5
15 7.2 7.1 7 6.7 7.5 7.3 7.5 7.4 7.4 7 7.2 7.4 6.9
20 7.1 6.9 7 6.7 7.4 7.1 7.3 6.9 7.1 6.6 7 7 6.9
25 6.9 6.8 7.1 6.7 7.6 7.3 7.1 6.7 7 6.5 6.6 6.9 6.9
Epi pH 7.7 7.1 6.9 6.6 7.5 7.5 8.5 8.6 8.6 8.3 8.5 9.0 8.1
Meta pH 7.8 7.2 7.0 6.8 7.5 7.4 7.6 8.1 7.9 7.8 8.1 8.8 7.5
Hypo pH 7.1 6.9 7.0 6.7 7.5 7.2 7.3 7.0 7.2 6.7 6.9 7.1 6.9
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Lake Sammamish pH

6 of 15
Depth (m) 10/8/1991 11/5/1991 12/3/1991 1/6/1992 2/5/1992 3/3/1992 3/26/1992 4/7/1992 4/21/1992 5/5/1992 5/19/1992 6/2/1992 7/7/1992
1 8.7 7.2 7.4 7.2 7.4 8.2 8.6 7.4 7.7 7.6 8 8.9 8.9
5 8.7 7.3 7.4 7.2 7.3 8.1 8.9 8.3 7.7 7.7 7.8 8.9 8.9
10 7.8 7.3 7.4 7.1 7.4 7.5 7.4 7.8 7.4 7.2 7.1 7.2 7.2
15 7.1 6.6 7.4 7.1 7.4 7.3 7.3 7.5 7.2 6.9 6.8 6.9 6.7
20 6.9 6.6 7.4 7.1 7.4 7.3 7.3 7.3 7 6.8 6.7 6.8 6.5
25 6.9 6.6 7.1 7.1 7.4 7.2 7.2 7.2 6.9 6.6 6.5 6.6 6.4
Epi pH 8.5 7.3 7.4 7.2 7.3 8.0 8.5 7.9 7.6 7.6 7.7 8.5 8.5
Meta pH 7.8 7.3 7.4 7.1 7.4 7.5 7.4 7.8 7.4 7.2 7.1 7.2 7.2
Hypo pH 7.0 6.6 7.3 7.1 7.4 7.3 7.3 7.3 7.0 6.8 6.7 6.8 6.5
Depth (m) 8/4/1992 9/9/1992 10/6/1992 11/3/1992 12/2/1992 1/5/1993 2/3/1993 3/15/1993 4/6/1993 4/20/1993 5/26/1993 6/8/1993 7/7/1993
1 9 8.3 8 7.4 6.74 7.03 7.17 8.11 8.25 8.07 8.53 8.83 8.9
5 9 8.3 8 7.4 6.77 8.37 8.8 8.62
10 7.1 7.6 8 7.4 6.78 7.01 7.06 8.01 8.21 8.08 7.45 7.41 7.3
15 6.7 6.7 6.6 7 6.78 7.1 6.97 7.04
20 6.6 6.7 6.6 6.6 6.95 6.9 6.8 6.93
25 6.6 6.6 6.7 6.6 6.48 6.98 6.97 7.33 7.2 7.04 6.68 6.67 6.83
Epi pH 8.6 8.1 8.0 7.4 6.8 7.0 7.2 8.1 8.3 8.1 8.2 8.5 8.4
Meta pH 7.1 7.6 8.0 7.4 6.8 7.0 7.1 8.0 8.2 8.1 7.5 7.4 7.3
Hypo pH 6.6 6.7 6.6 6.7 6.8 7.0 7.0 7.3 7.2 7.0 6.9 6.8 6.9
Depth (m) 8/3/1993 9/8/1993 10/5/1993 11/2/1993 12/8/1993 1/6/1994 2/14/1994 3/8/1994 3/22/1994 4/5/1994 4/19/1994 5/3/1994 5/24/1994
1 8.65 8.14 8.17 7.34 6.96 7.4 7.37 7.65 8.33 8.92 9.05 8.75 8.45
5 8.85 8.28 8.21 7.38 6.95 7.39 7.37 7.64 7.78 8.91 9.22 8.76 8.46
10 7.14 6.89 6.93 7.39 6.96 7.38 7.38 7.56 7.68 8.62 9.21 8.72 8.54
15 6.97 6.63 6.58 6.57 6.96 7.38 7.38 7.44 7.66 7.86 8.35 8.19 7.47
20 6.8 6.54 6.52 6.57 6.96 7.38 7.38 7.39 7.62 7.68 7.56 7.75 7.27
25 6.63 6.54 6.62 6.61 6.95 7.37 7.37 7.35 7.6 7.39 7.32 7.34 6.96
Epi pH 8.4 7.9 79 7.4 7.0 7.4 7.4 7.6 7.9 8.9 9.2 8.7 8.5
Meta pH 7.1 6.9 6.9 7.4 7.0 7.4 7.4 7.6 7.7 8.6 9.2 8.7 8.5
Hypo pH 6.8 6.6 6.6 6.6 7.0 7.4 7.4 7.4 7.6 7.6 7.7 7.7 7.2
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Lake Sammamish pH

7 of 15
Depth (m) 6/7/1994 7/6/1994 8/2/1994 9/7/1994 10/4/1994 11/1/1994 12/7/1994 1/17/1995 2/8/1995 3/7/1995 4/4/1995 4/18/1995 5/2/1995
1 8.34 8.84 9.18 9.05 8.78 7.38 7.43 7.7 7.98 7.49 8.65 8.86 9.05
5 8.29 8.84 9.17 9.04 8.78 7.36 7.18 8.05 8.78 9.12
10 8.11 8.14 8.15 8.37 8.77 7.31 7.15 7.72 7.77 7.47 7.72 8.73 8.32
15 7.45 7.39 7.32 7.48 6.97 7.19 7.14 7.55 8.58 7.57
20 7 7.07 7.06 6.88 6.8 6.59 7.13 7.45 7.82 7.3
25 6.7 6.74 6.93 6.87 6.81 6.55 7.11 7.63 7.48 7.44 7.28 7.44 7.07
Epi pH 8.3 8.7 9.0 8.9 8.8 7.4 7.2 7.7 8.0 7.5 8.1 8.8 8.9
Meta pH 8.1 8.1 8.2 8.4 8.8 7.3 7.2 7.7 7.8 7.5 7.7 8.7 8.3
Hypo pH 7.0 7.1 7.1 7.0 6.8 6.7 7.1 7.6 7.5 7.4 7.4 7.9 7.3
Depth (m) 5/16/1995 6/5/1995 7/10/1995 8/1/1995 9/12/1995 10/2/1995 11/9/1995 12/5/1995 1/3/1996 2/7/1996 3/6/1996 3/21/1996 4/10/1996
1 8.76 8.56 9.06 9.06 8.81 8.44 7.14 7.22 7.05 7.1 7.71 8.34 8.31
5 8.83 8.59 9.06 9.09 8.82 8.43 7.13 7.1 7.05 7.07 7.71 7.93 8.26
10 8.39 8.33 8.15 7.69 7.83 8.39 7.13 7.02 7.04 7.07 7.71 7.87 8.21
15 7.45 7.16 7.28 7.09 6.91 6.72 7.12 6.98 7.03 7.07 7.67 7.76 7.86
20 7.27 6.87 7.01 6.88 7.1 6.63 6.81 6.97 7.03 7.07 7.64 7.69 7.63
25 6.97 6.68 6.79 6.72 6.91 6.6 6.57 6.9 7.02 7.06 7.59 7.56 7.38
Epi pH 8.7 8.5 8.9 8.8 8.6 8.4 7.1 7.1 7.0 7.1 7.7 8.0 8.3
Meta pH 8.4 8.3 8.2 7.7 7.8 8.4 7.1 7.0 7.0 7.1 7.7 7.9 8.2
Hypo pH 7.2 6.9 7.0 6.9 7.0 6.6 6.8 7.0 7.0 7.1 7.6 7.7 7.6
Depth (m) 4/30/1996 5/8/1996 5/21/1996 6/4/1996 6/18/1996 7/2/1996 7/24/1996 8/6/1996 8/21/1996 9/5/1996 9/17/1996 10/1/1996 11/6/1996
1 8.3 7.99 7.77 7.95 8.58 8.79 8.35 8.62 8.73 8.95 9.09 8.91 7.46
5 8.24 8.01 7.68 7.88 8.52 7.88 8.44 8.65 8.76 8.96 9.05 8.94 7.46
10 8.02 7.86 7.59 7.23 7.28 7.16 7.15 7.28 7.11 7.16 7.45 8.75 7.45
15 7.7 7.59 7.2 6.99 6.92 6.87 6.59 6.78 6.58 6.64 6.88 6.9 7.15
20 7.44 7.36 7.03 6.75 6.79 6.58 6.45 6.65 6.42 6.56 6.78 6.78 6.83
25 7.23 7.19 6.79 6.63 6.49 6.49 6.35 6.53 6.38 6.55 6.84 6.84 6.92
Epi pH 8.2 8.0 7.7 7.8 8.3 8.0 8.1 8.3 8.4 8.6 8.7 8.9 7.5
Meta pH 8.0 7.9 7.6 7.2 7.3 7.2 7.2 7.3 7.1 7.2 7.5 8.8 7.5
Hypo pH 7.4 7.4 7.0 6.8 6.7 6.6 6.5 6.6 6.5 6.6 6.8 6.8 6.9




Lake Sammamish pH

8 of 15
Depth (m) 12/4/1996 1/22/1997 2/5/1997 3/3/1997 4/2/1997 5/7/1997 6/2/1997 7/2/1997 8/6/1997 9/2/1997 10/8/1997 11/5/1997 12/3/1997
1 7.1 7.3 7.3 7.8 7.6 8.7 9.1 8.6 8.9 8.7 7.6 7.5 7.7
5 7.11 7.3 7.2 7.7 7.7 8.4 9 8.6 8.9 8.8 7.6 7.4 7.6
10 7.11 7.3 7.2 7.6 7.6 7.9 7.7 8.1 7.3 7.5 7.6 7.4 7.4
15 7.11 7.3 7.2 7.6 7.6 7.6 7.2 7.6 6.9 6.9 6.7 7.3 7.4
20 7.11 7.2 7.2 7.6 7.6 7.3 7 7.3 6.7 6.7 6.6 6.8 7.3
25 7.1 7.2 7.2 7.5 7.5 7.2 6.9 6.9 6.7 6.8 6.7 6.7 7.3
Epi pH 7.1 7.3 7.2 7.7 7.7 8.4 8.7 8.5 8.6 8.5 7.6 7.4 7.6
Meta pH 7.1 7.3 7.2 7.6 7.6 7.9 7.7 8.1 7.3 7.5 7.6 7.4 7.4
Hypo pH 7.1 7.2 7.2 7.6 7.6 7.4 7.0 7.3 6.8 6.8 6.7 6.9 7.3
Depth (m) 1/7/1998 2/3/1998 3/3/1998 3/24/1998 4/6/1998 4/21/1998 5/5/1998 6/3/1998 7/6/1998 8/5/1998 9/8/1998 10/7/1998 11/2/1998
1 7.5 7.6 8.1 9.06 8.9 8.56 8.2 8.2 8.8 9.1 8.7 8.6 7.8
5 7.5 7.6 8.1 8.89 8.8 8.61 8.4 8.2 8.8 9.1 8.6 8.6 7.8
10 7.4 7.6 8 7.9 8.5 7.93 7.9 7.5 7.4 7.6 7.5 7.5 7.7
15 7.4 7.6 8 7.56 8 7.52 7.4 6.9 6.9 7.3 7.2 7.1 7.4
20 7.4 7.6 7.9 7.4 7.6 7.26 7.2 6.7 6.7 7.3 7.1 7.1 7.1
25 7.4 7.6 79 7.16 7.4 7.14 7 6.6 6.5 7.3 7.1 7.2 7.3
Epi pH 7.5 7.6 8.1 8.7 8.8 8.4 8.2 8.0 8.5 8.8 8.4 8.4 7.8
Meta pH 7.4 7.6 8.0 7.9 8.5 7.9 7.9 7.5 7.4 7.6 7.5 7.5 7.7
Hypo pH 7.4 7.6 79 7.4 7.6 7.3 7.2 6.7 6.7 7.3 7.1 7.1 7.2
Depth (m) 12/14/1998 1/5/1999 2/3/1999 3/23/1999 4/6/1999 4/19/1999 5/5/1999 5/24/1999 6/8/1999 7/7/1999 7/20/1999 8/3/1999 8/17/1999
1 7.5 7.6 7.2 8.05 8.8 8.71 8.4 7.84 8.1 85 8.61 8.8 9.03
5 7.5 7.7 7.3 7.97 8.6 8.75 8.4 8 8.1 8.5 8.69 9 9.01
10 7.6 7.7 7.3 7.87 8.4 8.47 8.3 7.69 7.8 7.4 7.45 7.7 7.55
15 7.6 7.7 7.3 7.68 8.2 8.27 8.1 7.4 7.3 7.1 7.05 7.2 7.01
20 7.5 7.7 7.3 7.54 7.8 7.9 7.7 7.22 7.1 6.9 6.85 6.9 6.87
25 7.5 7.7 7.3 7.39 7.6 7.62 7.5 6.93 6.8 6.7 6.64 6.6 6.77
Epi pH 7.5 7.7 7.3 8.0 8.6 8.7 8.4 7.9 8.0 8.3 8.4 8.7 8.7
Meta pH 7.6 7.7 7.3 7.9 8.4 85 8.3 7.7 7.8 7.4 7.5 7.7 7.6
Hypo pH 7.5 7.7 7.3 7.5 7.8 7.9 7.7 7.2 7.1 6.9 6.8 6.9 6.9
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Lake Sammamish pH

9 of 15
Depth (m) 9/8/1999 9/21/1999 10/5/1999 11/2/1999 12/7/1999 1/5/2000 2/8/2000 3/7/2000 3/21/2000 4/4/2000 5/2/2000 5/16/2000 6/13/2000
1 9 8.96 8.8 7.4 7.1 7.34 7.5 7.54 7.56 7.77 8.39 8.05 8.11
5 9 8.99 8.8 7.4 7.1 7.33 7.44 7.54 7.56 7.78 8.51 8.16 8.12
10 7.6 7.81 8.6 7.4 7.1 7.32 7.39 7.49 7.5 7.61 8.07 7.88 7.6
15 7 7.09 6.9 7.3 7.1 7.32 7.36 7.46 7.49 7.53 7.37 7.28 7.09
20 6.8 6.84 6.8 6.8 7.1 7.31 7.33 7.43 7.5 7.45 7.28 7.16 6.99
25 6.7 6.8 6.9 6.8 7.1 7.31 7.34 7.39 7.49 7.37 7.16 7.16 6.86
Epi pH 8.7 8.7 8.8 7.4 7.1 7.3 7.4 7.5 7.5 7.7 8.4 8.1 8.0
Meta pH 7.6 7.8 8.6 7.4 7.1 7.3 7.4 7.5 7.5 7.6 8.1 7.9 7.6
Hypo pH 6.8 6.9 6.9 6.9 7.1 7.3 7.3 7.4 7.5 7.4 7.3 7.2 7.0
Depth (m) 7/5/2000 7/18/2000 8/8/2000 8/22/2000 9/6/2000 10/3/2000 10/31/2000 12/4/2000 1/3/2001 1/31/2001 2/27/2001 3/20/2001 4/3/2001
1 8.44 8.69 8.97 9.17 9.05 8.94 7.66 7.13 7.17 7.1 7.6 7.41 8.7
5 8.52 8.75 8.97 9.15 8.97 8.93 7.65 7.1 7.15 7.1 7.6 7.31 8.5
10 7.36 7.72 7.63 7.8 7.16 8.81 7.63 7.08 7.13 7.1 7.4 7.25 8.3
15 6.88 6.9 7.02 7.09 6.42 7.8 6.7 7.07 7.11 7.1 7.3 7.24 7.7
20 6.78 6.74 6.88 7.4 6.27 6.78 6.66 7.06 7.11 7.1 7.3 7.24 7.5
25 6.69 6.65 6.78 7.15 6.27 6.76 6.78 6.77 7.1 7.1 7.2 7.2 7.4
Epi pH 8.2 8.5 8.7 8.9 8.6 8.9 7.6 7.1 7.2 7.1 7.6 7.3 8.5
Meta pH 7.4 7.7 7.6 7.8 7.2 8.8 7.6 7.1 7.1 7.1 7.4 7.3 8.3
Hypo pH 6.8 6.8 6.9 7.2 6.3 7.0 6.7 7.0 7.1 7.1 7.3 7.2 7.5
Depth (m) 4/17/2001 5/2/2001 5/21/2001 5/30/2001 6/19/2001 7/2/2001 7/17/2001 8/7/2001 8/21/2001 9/5/2001 9/18/2001 10/2/2001 11/6/2001
1 8.46 8.4 7.61 8.1 8.77 8.8 8.82 8.5 8.33 8.2 7.91 8 7.5
5 8.43 8.4 7.46 8 8.74 8.8 8.68 8.5 8.32 8.2 7.92 8 7.5
10 8.17 8.3 7.26 7.5 7.34 7.8 7.6 7.1 7.58 7.4 7.25 7.9 7.4
15 7.63 8.2 7.34 7.1 6.96 7.4 7.07 6.6 6.67 6.5 6.39 6.5 7.4
20 7.25 7.8 7.03 6.9 6.78 7.1 6.89 6.5 6.54 6.4 6.28 6.5 7
25 7.03 7.6 6.92 6.7 6.61 6.9 6.81 6.5 6.54 6.6 6.4 6.7 6.9
Epi pH 8.4 8.4 7.5 7.9 8.4 8.6 8.5 8.2 8.2 8.0 7.8 8.0 7.5
Meta pH 8.2 8.3 7.3 7.5 7.3 7.8 7.6 7.1 7.6 7.4 7.3 7.9 7.4
Hypo pH 7.3 7.8 7.1 6.9 6.8 7.1 6.9 6.5 6.6 6.5 6.3 6.6 7.1
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Lake Sammamish pH

10 of 15
Depth (m) 12/3/2001 1/9/2002 1/28/2002 3/5/2002 3/18/2002 4/2/2002 4/17/2002 5/7/2002 5/21/2002 6/4/2002 6/18/2002 7/1/2002 7/16/2002
1 7.2 7.4 7.1 7.6 7.97 8.7 8.36 7.8 8.4 8.7 8.57 8.6 8.6
5 7.2 7.4 7.1 7.6 7.94 8.8 8.27 7.7 8.41 8.7 8.53 8.6 8.66
10 7.2 7.4 7.1 7.5 7.98 8.2 8.15 7.7 7.82 7.7 7.48 7.45 7.03
15 7.2 7.4 7.1 7.5 7.98 7.6 8.05 7.3 7.49 7.2 6.99 6.9 6.65
20 7.2 7.4 7.1 7.5 7.9 7.4 7.52 7.2 7.24 7 6.83 6.7 6.5
25 7.2 7.3 7.1 7.5 7.87 7.2 7.27 6.8 6.99 6.7 6.62 6.6 6.3
Epi pH 7.2 7.4 7.1 7.6 8.0 8.6 8.3 7.7 8.3 8.5 8.3 8.4 8.3
Meta pH 7.2 7.4 7.1 7.5 8.0 8.2 8.2 7.7 7.8 7.7 7.5 7.5 7.0
Hypo pH 7.2 7.4 7.1 7.5 79 7.4 7.6 7.1 7.2 7.0 6.8 6.7 6.5
Depth (m) 8/7/2002 8/19/2002 9/4/2002 9/17/2002 10/7/2002 11/4/2002 12/3/2002 1/7/2003 2/5/2003 3/4/2003 3/19/2003 4/8/2003 4/21/2003
1 8.8 8.61 8.5 8.58 8.4 7.5 6.8 6.9 7.1 7.2 7.1 8 7.89
5 8.8 8.63 8.5 8.18 8.4 7.5 6.8 6.9 7.1 7.2 7.11 8 7.86
10 7.4 7.51 7.2 6.96 7.7 7.5 6.8 6.9 7 7.1 7.13 7.68
15 6.9 6.95 6.6 6.57 6.9 6.6 6.8 6.9 7 7.1 7.14 7.7 7.6
20 6.7 6.64 6.4 6.44 6.6 6.4 6.3 6.9 7 7 7.11 7.5 7.49
25 6.6 6.56 6.4 6.505 6.6 6.5 6.4 6.9 7 7 7.07 7.7 7.43
Epi pH 8.5 8.4 8.2 8.0 8.2 7.5 6.8 6.9 7.1 7.2 7.1 6.3 7.8
Meta pH 7.4 7.5 7.2 7.0 7.7 7.5 6.8 6.9 7.0 7.1 7.1 0.0 7.7
Hypo pH 6.7 6.7 6.5 6.5 6.7 6.5 6.5 6.9 7.0 7.0 7.1 7.6 7.5
Depth (m) 5/6/2003 5/20/2003 6/4/2003 6/17/2003 7/8/2003 7/22/2003 8/5/2003 8/19/2003 9/3/2003 9/16/2003 10/6/2003 10/21/2003 11/4/2003
1 7.9 7.755 8.5 8.545 8.8 8.97 8.9 8.97 8.8 8.83 8.6 7.555 7.2
5 7.9 7.71 8.4 8.38 8.8 8.99 8.8 9.02 8.8 8.81 8.6 7.46 7.1
10 7.6 7.53 7.5 7.43 7.8 7.39 7.4 7.47 7.4 8.27 7.9 7.39 6.9
15 7.5 7.17 7.2 7.06 7.1 6.88 6.8 6.94 6.8 6.91 6.7 7.05 6.8
20 7.3 7.07 7.1 6.93 6.9 6.71 6.7 6.79 6.6 6.76 6.5 6.5 6.2
25 7.1 6.99 7 6.76 6.8 6.6 6.5 6.75 6.5 6.78 6.7 6.47 6.1
Epi pH 7.8 7.7 8.2 8.2 8.6 8.6 8.5 8.7 8.5 8.7 8.4 7.5 7.1
Meta pH 7.6 7.5 7.5 7.4 7.8 7.4 7.4 7.5 7.4 8.3 7.9 7.4 6.9
Hypo pH 7.3 7.1 7.1 6.9 6.9 6.7 6.7 6.8 6.6 6.8 6.6 6.6 6.3
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Lake Sammamish pH

11 of 15
Depth (m) 12/1/2003 1/8/2004 2/3/2004 3/2/2004 3/15/2004 4/5/2004 4/19/2004 5/3/2004 5/17/2004 6/7/2004 6/21/2004 7/7/2004 7/20/2004
1 7.1 7.3 7.3 7.5 7.42 85 8.41 8.2 8.26 8.7 8.6 8.4 8.6
5 6.9 7.3 7.2 7.4 7.3 8.3 8.18 8.3 8.05 8.6 8.6 8.3 8.5
10 6.8 7.3 7.2 7.4 7.22 7.6 7.93 8 7.32 7.8 7.6 7.1 7.2
15 6.7 7.3 7.1 7.4 7.17 7.2 7.16 7.7 6.75 7.1 7 6.8 6.9
20 6.6 7.3 7.1 7.3 7.07 6.9 6.96 7.4 6.55 6.9 6.8 6.6 6.6
25 6.6 7.3 7.1 7.3 6.98 6.8 6.79 7.3 6.34 6.8 6.6 6.5 6.5
Epi pH 6.9 7.3 7.2 7.4 7.3 8.2 8.2 8.2 8.0 8.5 8.4 8.1 8.2
Meta pH 6.8 7.3 7.2 7.4 7.2 7.6 7.9 8.0 7.3 7.8 7.6 7.1 7.2
Hypo pH 6.6 7.3 7.1 7.3 7.1 7.0 7.0 7.5 6.5 6.9 6.8 6.6 6.7
Depth (m) 8/2/2004 8/17/2004 9/8/2004 9/21/2004 10/5/2004 10/20/2004 11/3/2004 12/15/2004 1/4/2005 2/8/2005 3/8/2005 3/22/2005 4/5/2005
1 8.5 8.4 8.8 8.5 8.6 7.9 7.6 7.4 7.3 7.5 8.2 7.6 7.7
5 8.4 8.3 8.8 8.5 8.6 8 7.6 7.5 7.3 7.6 8.2 7.7 7.8
10 7.1 7.3 7.8 8.4 8.3 8 7.6 7.5 7.3 7.6 7.7 7.6 7.8
15 6.6 6.7 7.1 7 6.8 7 7.2 7.5 7.2 7.6 7.5 7.5 7.7
20 6.5 6.5 7 6.9 6.6 6.8 6.9 7.5 7.2 7.6 7.5 7.5 7.6
25 6.2 6.4 6.9 6.8 6.7 6.8 6.8 7.6 7.2 7.6 7.4 7.4 7.5
Epi pH 8.1 8.1 8.6 8.5 8.5 8.0 7.6 7.5 7.3 7.6 8.1 7.7 7.8
Meta pH 7.1 7.3 7.8 8.4 8.3 8.0 7.6 7.5 7.3 7.6 7.7 7.6 7.8
Hypo pH 6.4 6.5 7.0 6.9 6.7 6.9 7.0 7.5 7.2 7.6 7.5 7.5 7.6
Depth (m) 4/19/2005 5/3/2005 5/17/2005 6/7/2005 6/21/2005 7/7/2005 7/18/2005 8/2/2005 8/16/2005 9/7/2005 9/20/2005 10/4/2005 10/18/2005
1 8 7.9 8.3 9 9 9 8.8 8.8 8.6 8.3 8.4 8.3 7.7
5 7.9 7.8 8.2 8.9 9 9 9 8.8 8.6 8.3 8.6 8.5 7.7
10 7.9 7.6 7.7 7.9 7.6 7.6 7.5 7.6 8.4 8.1 8.1 8.6 7.4
15 7.7 7.4 7.5 7.6 7.3 7.4 7.2 7.1 7 7.2 7 7.4 6.7
20 7.5 7.3 7.4 7.5 7.2 7.3 7 7 6.9 7 6.9 7.4 6.6
25 7.4 7.1 7.3 7.3 7.1 7.3 6.9 6.9 6.8 6.9 7.5 7.4 6.6
Epi pH 7.9 7.8 8.1 8.7 8.7 8.7 8.6 8.5 8.6 8.3 8.4 8.5 7.6
Meta pH 7.9 7.6 7.7 7.9 7.6 7.6 7.5 7.6 8.4 8.1 8.1 8.6 7.4
Hypo pH 7.5 7.3 7.4 7.5 7.2 7.3 7.0 7.0 6.9 7.0 7.1 7.4 6.6

62




Lake Sammamish pH

12 of 15
Depth (m) 11/8/2005 12/6/2005 1/4/2006 2/7/2006 3/7/2006 3/21/2006 4/4/2006 4/18/2006 5/3/2006 5/16/2006 6/6/2006 6/19/2006 7/5/2006
1 7.7 7.3 7.3 7.8 7.6 8.3 9.4 9.5 9.2 8.7 8.7 9 9.1
5 8 7.4 7.3 79 7.7 7.8 9.4 9.5 9.3 8.8 8.7 9 9.6
10 8.1 7.5 7.3 7.9 7.8 7.5 9 9 9.1 85 8 7.9 8.1
15 8.1 7.6 7.3 79 79 7.3 8.8 8.6 8.4 7.7 7.4 7.6 7.6
20 7.4 7.6 7.3 7.8 7.9 7.3 8.1 8 7.8 7.3 7 7.3 7.3
25 7.5 7.6 7.3 7.8 79 7.2 7.7 7.7 7.4 7 7 7.1 7.1
Epi pH 7.9 7.4 7.3 7.9 7.7 7.9 9.3 9.4 9.2 8.7 8.5 8.8 9.1
Meta pH 8.1 7.5 7.3 7.9 7.8 7.5 9.0 9.0 9.1 85 8.0 7.9 8.1
Hypo pH 7.6 7.6 7.3 7.8 79 7.3 8.2 8.1 7.8 7.3 7.1 7.3 7.3
Depth (m) 7/18/2006 8/8/2006 8/24/2006 9/5/2006 9/19/2006 10/3/2006 10/17/2006 11/8/2006 12/5/2006 1/4/2007 2/12/2007 3/13/2007 3/27/2007
1 9.2 9.3 9.3 9.6 9.3 8.9 8.8 7.6 7.1 7.5 7.4 7.8 7.9
5 9.2 9.3 9.3 9.6 9.3 8.9 8.8 7.5 7.1 7.4 7.4 7.9 7.9
10 8.1 7.2 7.4 7.6 7.5 7 7.9 7.5 7.1 7.4 7.4 7.8 7.8
15 7.6 6.7 6.8 7.3 7.2 6.6 7.1 7 7.1 7.4 7.3 7.8 7.8
20 7.2 6.6 6.6 7.1 7 6.6 6.9 6.8 7 7.4 7.3 7.7 7.6
25 7 6.5 6.6 7 7 6.7 6.9 6.9 7 7.4 7.2 7.6 7.5
Epi pH 9.0 8.8 8.9 9.2 8.9 8.5 8.6 7.5 7.1 7.4 7.4 7.9 7.9
Meta pH 8.1 7.2 7.4 7.6 7.5 7.0 7.9 7.5 7.1 7.4 7.4 7.8 7.8
Hypo pH 7.2 6.6 6.7 7.1 7.1 6.6 7.0 6.9 7.0 7.4 7.3 7.7 7.6
Depth (m) 4/11/2007 4/24/2007 5/15/2007 5/29/2007 6/12/2007 6/26/2007 7/10/2007 7/24/2007 8/14/2007 8/28/2007 9/11/2007 9/25/2007 10/3/2007
1 7.9 8.5 7.8 8.1 8.21 8.92 8.98 8.93 8.87 8.7 8.76 8.78 8.3
5 7.9 8.5 7.8 8.1 8.12 8.9 9.05 8.95 8.87 8.69 8.77 8.76 8.25
10 7.8 7.8 7.4 7.3 7.48 7.48 7.19 7.27 7.21 7.18 7.38 7.32 7.06
15 7.5 7.5 7 7.1 6.98 7.06 6.86 6.85 6.79 6.67 6.84 6.76 6.82
20 7.4 7.3 6.9 7 6.85 6.91 6.68 6.73 6.65 6.55 6.73 6.69 6.69
25 7.3 7.2 6.7 6.8 6.7 6.72 6.59 6.63 6.58 6.53 6.71 6.77 6.68
Epi pH 7.9 8.3 7.7 7.9 8.0 8.6 8.6 8.6 8.5 8.4 8.5 8.5 8.0
Meta pH 7.8 7.8 7.4 7.3 7.5 7.5 7.2 7.3 7.2 7.2 7.4 7.3 7.1
Hypo pH 7.4 7.3 6.9 7.0 6.8 6.9 6.7 6.7 6.7 6.6 6.8 6.7 6.7
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Lake Sammamish pH

13 of 15
Depth (m) 10/23/2007 11/14/2007 12/11/2007 1/15/2008 2/12/2008 3/12/2008 3/25/2008 4/15/2008 4/29/2008 5/13/2008 5/27/2008 6/9/2008 6/24/2008
1 7.6 7.48 7.28 7.48 7.44 7.79 7.57 8.32 7.74 7.96 8.31 8.28 8.74
5 7.59 7.47 7.28 7.56 7.41 7.78 7.71 8.3 7.75 7.95 8.08 8.22 8.77
10 7.48 7.42 7.28 7.59 7.37 7.66 7.67 7.91 7.73 7.67 7.61 7.73 7.56
15 6.95 7.4 7.28 7.61 7.35 7.65 7.67 7.79 7.74 7.44 7.4 7.17 7.09
20 6.72 6.96 7.29 7.62 7.34 7.64 7.58 7.67 7.3 7.21 7.26 7.01 7
25 6.77 6.86 7.25 7.6 7.32 7.6 7.39 7.53 7.12 7.12 7.04 6.92 6.84
Epi pH 7.6 7.5 7.3 7.5 7.4 7.8 7.7 8.2 7.7 7.9 8.0 8.1 8.5
Meta pH 7.5 7.4 7.3 7.6 7.4 7.7 7.7 7.9 7.7 7.7 7.6 7.7 7.6
Hypo pH 6.8 7.0 7.3 7.6 7.3 7.6 7.5 7.7 7.4 7.2 7.2 7.0 7.0
Depth (m) 7/15/2008 7/29/2008 8/12/2008 8/26/2008 9/9/2008 9/23/2008 10/14/2008 10/28/2008 11/13/2008 12/9/2008 1/13/2009 2/10/2009 3/10/2009
1 8.99 8.93 8.78 8.59 8.46 8.44 7.77 7.7 7.38 7.22 7.51 7.35 7.67
5 9.35 8.95 8.8 8.58 8.48 8.41 7.75 7.7 7.37 7.21 7.48 7.35 7.6
10 7.25 7.39 7.32 7.33 7.48 7.69 7.74 7.69 7.35 7.21 7.47 7.35 7.58
15 6.94 6.92 6.77 6.78 6.68 6.76 6.84 6.84 6.99 7.21 7.43 7.36 7.57
20 6.79 6.81 6.7 6.66 6.62 6.67 6.71 6.75 6.78 7.13 7.36 7.36 7.56
25 6.7 6.68 6.62 6.6 6.58 6.74 6.76 6.84 6.72 6.85 7.28 7.36 7.55
Epi pH 8.8 8.6 8.5 8.3 8.3 8.3 7.8 7.7 7.4 7.2 7.5 7.4 7.6
Meta pH 7.3 7.4 7.3 7.3 7.5 7.7 7.7 7.7 7.4 7.2 7.5 7.4 7.6
Hypo pH 6.8 6.8 6.7 6.7 6.6 6.7 6.8 6.8 6.8 7.1 7.4 7.4 7.6
Depth (m) 3/24/2009 4/14/2009 4/28/2009 5/12/2009 5/27/2009 6/9/2009 6/23/2009 7/14/2009 7/28/2009 8/13/2009 8/25/2009 9/15/2009 9/29/2009
1 7.72 8.45 9.17 8.91 8.93 8.94 8.69 8.915 8.745 8.79 8.82 8.51 8.22
5 7.69 8.3 9.26 8.91 8.97 8.93 8.65 8.95 9.01 8.8 8.82 8.535 8.29
10 7.68 8.18 8.32 8.8 8.9 8.36 7.4 7.96 7.34 7.53 7.32 7.45 8.3
15 7.67 8.09 7.75 8.46 7.54 7.2 6.92 6.91 6.8 6.82 6.86 6.76 6.68
20 7.67 7.8 7.52 7.42 7.26 6.99 6.8 6.71 6.6 6.62 6.64 6.61 6.56
25 7.64 7.58 7.15 7.23 6.99 6.78 6.57 6.59 6.49 6.52 6.62 6.67 6.67
Epi pH 7.7 8.3 9.0 8.9 8.9 8.8 8.4 8.7 8.6 8.5 8.5 8.3 8.3
Meta pH 7.7 8.2 8.3 8.8 8.9 8.4 7.4 8.0 7.3 7.5 7.3 7.5 8.3
Hypo pH 7.7 7.8 7.5 7.6 7.3 7.0 6.8 6.7 6.6 6.6 6.7 6.7 6.6
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Lake Sammamish pH

14 of 15
Depth (m) 10/13/2009 10/27/2009 11/10/2009 12/22/2009 1/12/2010 2/9/2010 3/9/2010 3/23/2010 4/14/2010 4/27/2010 5/11/2010 5/26/2010 6/14/2010
1 8.1 7.555 7.21 7.18 7.48 7.59 7.845 7.72 7.84 7.68 7.89 7.81 8.29
5 8.1 7.53 7.2 7.2 7.4 7.56 7.83 7.65 7.74 7.6 7.85 7.64 8.21
10 8 7.53 7.23 7.17 7.31 7.49 7.76 7.53 7.59 7.38 7.63 7.3 7.36
15 6.93 6.66 7.21 7.18 7.24 7.47 7.49 7.47 7.41 7.26 7.45 6.97 7.09
20 6.76 6.6 6.76 7.19 7.22 7.38 7.41 7.44 7.34 7.25 7.31 6.865 6.91
25 6.85 6.7 6.68 7.19 7.22 7.37 7.25 7.33 7.3 7 7.09 6.69 6.76
Epi pH 8.1 7.5 7.2 7.2 7.4 7.6 7.8 7.6 7.7 7.6 7.8 7.6 8.0
Meta pH 8.0 7.5 7.2 7.2 7.3 7.5 7.8 7.5 7.6 7.4 7.6 7.3 7.4
Hypo pH 6.8 6.6 6.9 7.2 7.2 7.4 7.4 7.4 7.3 7.2 7.3 6.8 6.9
Depth (m) 6/30/2010 7/14/2010 7/28/2010 8/11/2010 8/25/2010 9/15/2010 9/29/2010 10/13/2010 10/27/2010 11/9/2010 12/14/2010 1/11/2011 2/15/2011
1 8.6 8.96 8.83 8.97 8.86 8.41 8.23 7.91 7.33 7.39 7.28 7.3 7.41
5 8.515 9.03 9.12 8.95 8.91 8.42 8.14 7.9 7.28 7.39 7.27 7.31 7.42
10 7.21 7.08 7.43 7.24 7.18 7.36 7.37 7.78 7.17 7.4 7.28 7.31 7.43
15 6.97 6.9 6.96 6.82 6.85 6.72 6.69 6.73 6.99 7.34 7.28 7.31 7.43
20 6.79 6.71 6.79 6.76 6.75 6.62 6.67 6.69 6.69 6.77 7.28 7.31 7.42
25 6.67 6.62 6.65 6.69 6.73 6.7 6.77 6.81 6.81 6.83 7.27 7.32 7.39
Epi pH 8.3 8.6 8.7 8.6 8.5 8.2 8.0 7.9 7.3 7.4 7.3 7.3 7.4
Meta pH 7.2 7.1 7.4 7.2 7.2 7.4 7.4 7.8 7.2 7.4 7.3 7.3 7.4
Hypo pH 6.8 6.7 6.8 6.8 6.8 6.7 6.7 6.7 6.8 6.9 7.3 7.3 7.4
Depth (m) 3/15/2011 3/29/2011 4/12/2011 4/26/2011 5/10/2011 5/24/2011 6/14/2011 6/29/2011 7/12/2011 8/10/2011 8/24/2011 9/14/2011 9/28/2011
1 7.78 8.39 7.87 8.17 8.07 7.945 8.32 8.71 8.59 9.02 8.97 8.77 8.22
5 7.75 8.38 7.94 8.22 8.03 8 8.23 8.71 8.69 9 8.96 8.74 8.2
10 7.765 8.38 7.86 8.175 7.855 7.62 7.58 7.16 7.39 7.61 7.39 7.41 8.2
15 7.75 8.24 7.85 7.77 7.61 7.25 7.14 6.97 6.9 7.09 6.78 6.71 6.56
20 7.74 7.8 7.84 7.3 7.38 7.255 7.07 6.74 6.81 6.81 6.66 6.64 6.52
25 7.77 7.75 7.3 7.105 7.1 6.885 6.91 6.64 6.66 6.66 6.58 6.6 6.53
Epi pH 7.8 8.4 79 8.2 8.0 7.9 8.1 8.4 8.4 8.7 8.6 8.5 8.2
Meta pH 7.8 8.4 7.9 8.2 7.9 7.6 7.6 7.2 7.4 7.6 7.4 7.4 8.2
Hypo pH 7.8 7.9 7.7 7.4 7.4 7.1 7.0 6.8 6.8 6.8 6.7 6.6 6.5
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Lake Sammamish pH

15 of 15
Depth (m) 10/13/2011 10/25/2011  11/15/2011  12/13/2011
1 7.92 7.75 7.435 7.1
5 7.86 7.79 7.42 7.11
10 7.81 7.79 7.43 7.11
15 6.83 6.76 7.41 7.125
20 6.77 6.72 6.81 7.13
25 6.83 6.88 6.89 7.12
Epi pH 7.9 7.8 7.4 7.1
Meta pH 7.8 7.8 7.4 7.1
Hypo pH 6.8 6.8 7.0 7.1
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Lake Sammamish Conductivity
1of11

Depth (m) 1/7/1982 2/9/1982 3/3/1982 3/16/1982 4/15/1982 5/13/1982 5/25/1982 6/8/1982 6/29/1982 7/12/1982 7/27/1982 8/10/1982 8/24/1982

1 86 90 88 90 79 90 93 90 91 95 95 93 106

5 86 90 88 91 81 90 92 93 90 95 95 84 110

10 88 90 87 91 84 90 90 93 87 92 93 69 95

15 89 90 86 91 85 92 90 92 87 93 92 64 95

20 90 90 87 92 86 92 90 94 86 93 93 63 95

25 94 90 88 92 88 93 93 95 90 94 94 78 95

Epi Cond 86 90 88 91 81 90 92 92 90 94 95 83 106
Whole Cond 88 90 87 91 83 91 91 93 88 94 94 75 100

Depth (m) 9/8/1982 9/28/1982 10/12/1982 10/25/1982 11/8/1982 11/23/1982 12/8/1982 12/21/1982 1/18/1983 2/7/1983 2/23/1983 4/11/1983 4/25/1983

1 88 82 76 88 79 91 95 92 90 91 80 79 85

5 88 81 76 88 80 93 93 91 89 94 85 80 86

10 74 77 76 88 79 94 93 94 90 94 83 80 85

15 64 63 66 81 78 95 92 92 89 93 85 80 87

20 66 65 79 82 76 95 92 92 89 94 85 81 85

25 86 91 77 88 79 103 91 90 89 97 83 82 85

Epi Cond 85 80 76 88 80 93 94 92 89 93 83 80 86
Whole Cond 78 76 75 86 79 94 93 92 89 94 84 80 86

Depth (m) 5/9/1983 5/23/1983 6/6/1983 6/20/1983 7/5/1983 7/25/1983 8/9/1983 8/22/1983 9/12/1983 9/26/1983 10/10/1983 10/24/1983 11/8/1983

1 85 84 82 86 86 66 96 99 95 94 92 95 85

5 86 84 81 85 86 98 98 98 94 94 92 95 84

10 85 84 69 70 86 110 78 85 83 84 86 86 81

15 85 84 66 66 85 76 65 75 72 72 75 81 81

20 84 87 67 65 86 69 64 65 69 73 84 79 88

25 87 85 81 68 85 66 68 62 79 78 145 89 107

Epi Cond 86 84 79 82 86 92 93 95 92 92 91 93 84
Whole Cond 85 84 74 75 86 86 81 84 83 84 92 88 86

Depth (m) 11/21/1983 12/5/1983 1/9/1984 2/8/1984 2/21/1984 3/5/1984 4/2/1984 4/16/1984 5/9/1984 5/22/1984 6/5/1984 6/19/1984 7/10/1984

1 93 75 73 73 86 77 86 90 80 85 81 97 98

5 94 75 74 69 93 67 85 86 85 86 79 95 92

10 93 72 74 71 92 60 84 87 83 84 73 86 93

15 93 70 74 73 96 69 76 89 89 83 71 82 75

20 100 70 73 78 105 70 80 91 88 78 70 78 75

25 103 69 74 79 96 69 72 98 102 88 79 77 80

Epi Cond 94 74 74 71 91 68 85 87 83 85 78 94 94
Whole Cond 95 72 74 73 94 68 82 89 86 84 75 87 87
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Lake Sammamish Conductivity
20f 11

Depth (m) 7/24/1984 8/7/1984 8/22/1984 9/12/1984 9/26/1984  10/10/1984 10/24/1984 11/7/1984 11/27/1984 12/5/1984  12/27/1984 1/9/1985 1/30/1985

1 89 96 94 74 102 94 90 85 97 79 83 55 80

5 85 96 89 73 103 86 90 84 102 82 76 56 68

10 70 93 89 72 106 85 85 84 101 81 69 56 67

15 64 93 83 58 106 91 90 85 103 84 69 57 70

20 61 94 90 58 101 88 95 85 98 85 66 72 65

25 61 95 99 65 110 105 105 86 102 88 67 63 73

Epi Cond 83 95 90 73 103 88 89 84 100 81 76 56 71
Whole Cond 74 95 90 68 104 90 91 85 101 83 72 59 70

Depth (m) 2/6/1985 2/20/1985 3/13/1985 3/27/1985  4/10/1985  4/24/1985 5/9/1985 5/22/1985 6/4/1985 6/19/1985 7/3/1985 8/21/1985 9/11/1985

1 84 79 86 74 83 77 94 91 87 86 84 87 95

5 59 75 75 66 59 59 83 78 87 89 61 87 100

10 55 74 75 68 55 54 79 67 87 72 53 85 104

15 52 75 67 67 56 58 77 67 88 69 52 85 89

20 56 69 76 61 55 59 73 64 88 66 54 86 92

25 57 71 80 73 60 57 74 65 87 65 62 95 97

Epi Cond 65 76 78 69 65 63 85 79 87 85 66 87 99
Whole Cond 60 74 76 68 61 60 81 73 87 76 60 87 97

Depth (m) 9/25/1985 10/9/1985 10/22/1985 11/14/1985 12/3/1985 12/18/1985 1/8/1986 1/23/1986 2/5/1986 2/25/1986 3/12/1986 3/26/1986 4/9/1986

1 87 90 93 105 111 105 107 103 101 95 92 90 104

5 87 91 91 107 109 104 107 103 104 95 92 90 104

10 85 92 91 105 109 103 108 104 103 95 92 95 104

15 84 88 92 107 109 105 110 104 103 95 93 96 104

20 85 91 92 106 109 105 108 103 106 95 93 95 104

25 95 108 102 118 109 106 108 103 102 95 94 95 106

Epi Cond 87 91 92 106 110 104 107 103 103 95 92 91 104
Whole Cond 87 92 93 107 109 104 108 103 103 95 92 93 104

Depth (m) 4/23/1986 5/7/1986 5/21/1986 6/4/1986 6/18/1986 7/9/1986 7/23/1986 8/6/1986 8/20/1986 9/9/1986 9/24/1986 10/8/1986  10/22/1986

1 105 108 104 106 95 100 105 107 105 103 99 99 89

5 105 106 104 103 97 105 104 105 104 103 98 100 92

10 106 109 105 104 95 100 104 105 104 103 99 86 88

15 108 108 108 105 96 101 104 106 104 104 95 85 86

20 106 109 111 105 99 97 105 103 104 120 98 100 93

25 108 110 112 105 93 100 104 113 111 107 103 115 104

Epi Cond 105 107 104 104 96 103 104 106 104 103 98 97 90
Whole Cond 106 108 107 104 96 101 104 106 105 106 98 96 91
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Lake Sammamish Conductivity
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Depth (m) 11/4/1986 11/20/1986 12/3/1986 12/17/1986 1/7/1987 2/4/1987 3/4/1987 3/25/1987 4/8/1987 4/22/1987 5/6/1987 5/20/1987 6/3/1987
1 101 103 104 102 99 77 89 90 92 95 96 96 92
5 105 102 103 102 98 98 90 95 94 94 96 96 93
10 102 101 103 102 100 96 90 94 93 95 96 94 92
15 99 104 104 102 100 98 92 95 94 94 96 96 91
20 103 105 104 102 99 96 92 93 89 93 96 93 89
25 119 116 104 103 100 97 92 95 95 94 96 96 94
Epi Cond 103 102 103 102 99 92 90 93 93 94 96 96 93
Whole Cond 104 104 104 102 99 94 91 94 93 94 96 95 92
Depth (m) 6/17/1987 7/8/1987 7/22/1987 8/5/1987 8/19/1987 9/9/1987 9/23/1987 10/7/1987 10/21/1987 11/4/1987 11/18/1987 12/9/1987 1/6/1988
1 103 100 94 100 101 100 100 101 96 98 88 110 100
5 102 101 95 100 102 100 101 101 98 99 85 110 100
10 100 100 90 100 110 98 100 100 97 98 84 110 100
15 101 100 92 100 100 100 98 100 96 94 80 110 100
20 100 100 94 100 100 101 101 100 101 101 90 110 100
25 110 108 99 100 120 100 102 102 102 102 100 110 100
Epi Cond 102 101 94 100 103 100 101 101 97 99 86 110 100
Whole Cond 102 101 94 100 105 100 100 101 98 98 86 110 100
Depth (m) 2/3/1988 3/2/1988 3/23/1988 4/6/1988 4/20/1988 5/3/1988 5/18/1988 6/8/1988 6/22/1988 7/6/1988 7/20/1988 8/3/1988 8/17/1988
1 100 110 95 98 85 98 105 100 105 101 113 113 106
5 100 100 94 98 85 98 101 100 104 101 109 103.5 105
10 105 99 93 99 84 97 102 100 100 93 89 94 95
15 103 100 94 103 85 97 100 100 98 85 85 82 85
20 100 100 100 104 88 98 101 105 102 82 82 82 82
25 105 99 98 103 86 98 101 100 99 82 82 82 85
Epi Cond 101 103 94 98 85 98 102 100 103 99 106 104 103
Whole Cond 102 101 95 100 85 98 102 101 102 92 95 94 95
Depth (m) 9/7/1988 9/21/1988 10/4/1988 10/19/1988 11/8/1988 11/30/1988 12/14/1988 1/18/1989 2/8/1989 3/8/1989 3/21/1989 4/5/1989 4/19/1989
1 109 101 107 93 98 94 100 75 70 88 92 87 89

5 109 100 107 93 98 102 103 78 70 88 94 89
10 105 100 107 92 98 98 99 78 70 94 93 88 86

15 85 85 99 84 98 98 103 74 70 93 93 89
20 85 85 100 82 98 98 103 74 70 93 92 88 82
25 89 93 115 93 85 98 103 78 70 93 94 88 89
Epi Cond 108 100 107 93 98 99 101 77 70 89 93 88 88
Whole Cond 99 95 105 90 97 98 102 76 70 91 93 88 87
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Depth (m) 5/10/1989 5/24/1989 6/7/1989 7/12/1989 8/8/1989 9/6/1989  10/11/1989 11/8/1989 12/6/1989 1/3/1990 2/15/1990 3/6/1990 3/20/1990
1 96 94 89 101 109 102 85 89 91 84 67 83 78
5 93 94 85 97 107 103 91 89 91 85 62 84 76
10 86 92 85 93 99 95 95 89 92 85 66 81 78
15 86 88 84 85 93 88 80 89 92 85 65 81 76
20 85 86 81 86 93 86 83 86 92 85 64 82 76
25 95 86 81 87 96 102 99 93 93 85 82 82 76
Epi Cond 92 94 86 97 106 101 90 89 91 85 64 83 77
Whole Cond 90 91 85 92 100 96 89 89 92 85 66 82 77
Depth (m) 4/3/1990  4/17/1990 5/8/1990 5/22/1990 6/5/1990 7/11/1990 8/8/1990 9/5/1990  10/10/1990 11/7/1990 1/8/1991 2/5/1991 3/5/1991
1 87 89 90 86 81 100 95 97 88 98 81 81 81
5 86 87 89 74 84 99 97 97 92 99 83 82 81
10 85 83 87 73 81 100 83 86 93 98 83 77 81
15 86 82 85 66 79 102 79 86 93 97 83 82 81
20 83 82 84 62 76 99 76 84 94 99 83 82 81
25 82 85 85 62 75 82 78 93 98 110 83 82 81
Epi Cond 86 87 89 77 83 99 93 95 91 99 82 81 81
Whole Cond 85 85 87 71 80 98 86 91 93 99 83 81 81
Depth (m) 3/18/1991 4/2/1991 4/16/1991 5/15/1991 5/29/1991 6/12/1991 7/1/1991 8/7/1991 9/25/1991 10/8/1991 11/5/1991 12/3/1991 1/6/1992
1 84 88 88 91 99 93 90 101 97 99 99 101 93
5 84 87 87 90 97 93 91 101 99 98 98 102 95
10 83 86 86 87 97 86 89 90 95 98 98 102 94
15 84 85 86 84 97 85 82 89 96 98 97 102 90
20 83 85 86 83 96 85 81 85 98 99 100 102 89
25 83 85 86 83 97 85 85 88 109 108 107 110 87
Epi Cond 84 87 87 90 98 91 90 99 98 98 98 102 94
Whole Cond 84 86 87 87 97 88 87 93 98 99 99 103 92
Depth (m) 2/5/1992 3/3/1992 3/26/1992 4/7/1992 4/21/1992 5/5/1992 5/19/1992 6/2/1992 7/7/1992 8/4/1992 9/9/1992 10/6/1992 11/3/1992
1 94 94 100 97 96 97 96 107 102 100 97 100
5 95 93 97 97 94 96 95 106 101 102 99 97 100
10 95 94 99 95 98 93 99 104 100 100 101 97 100
15 96 94 99 94 95 100 98 104 103 99 99 98 101
20 96 94 99 94 96 97 94 106 109 115 100 98 102
25 96 94 99 93 92 84 95 109 92 109 112 106 113
Epi Cond 95 93 98 97 95 96 96 106 73 102 100 97 100
Whole Cond 95 94 99 95 95 95 96 106 87 103 101 98 102
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Lake Sammamish Conductivity
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Depth (m) 12/2/1992 1/5/1993 2/3/1993 3/2/1993 3/15/1993 4/6/1993 4/20/1993 5/26/1993 6/8/1993 7/7/1993 8/3/1993 9/8/1993 10/5/1993
1 105 105 105 103 103 104 101 100 101 98 100 106 107
5 105 100 101 97 97 105 108
10 104 107 103 101 106 104 102 102 102 96 100 103 104
15 102 95 103 98 100 108 106
20 104 108 105 99 105 104 112
25 115 98 106 107 95 105 94 101 103 92 99 116 109
Epi Cond 105 105 105 103 104 104 101 100 101 97 98 105 107
Whole Cond 105 105 104 102 104 104 101 101 102 97 100 106 107
Depth (m) 11/2/1993 12/8/1993 1/6/1994 2/14/1994 3/8/1994 3/22/1994 4/5/1994 4/19/1994 5/3/1994 5/24/1994 6/7/1994 7/6/1994 8/2/1994
1 108 107 102 102.4 103.1 103.9 102.2 104.2 109.3 114.4 109.1 116.4 114.4
5 108 107 105 103.9 104 105.2 103.1 103.4 110.1 114.7 109.3 116.1 1144
10 108 107 104 105.1 105 105.7 103.3 103.3 108 111.1 106.7 1135 108
15 110 107 104 105.2 105.2 105.8 103.3 103 107.6 110.1 104.6 110.3 104.5
20 112 98 103 105.5 105.2 105.9 103.2 103.6 107.2 109.8 104 108.6 104.4
25 114 107 105 105.5 105.5 106.1 103.1 103.5 107.1 109.7 103.3 108.4 109.2
Epi Cond 108 107 104 104 104 105 103 104 109 114 109 116 113
Whole Cond 109 106 104 105 105 105 103 103 108 112 107 113 110
Depth (m) 9/7/1994 10/4/1994 11/1/1994 12/7/1994 1/17/1995 2/8/1995 3/7/1995 4/4/1995 4/18/1995 5/2/1995 5/16/1995 6/5/1995 7/10/1995
1 104.6 113.2 110.3 1145 90.3 108.3 99.2 99.2 107.2 104.7 107 106.2 114.3
5 105.2 113.2 110 115.5 99.4 105.2 104 106.1 105.5 113.8
10 101.6 1129 110.7 113.1 92.5 110.2 100.5 99.5 104.7 102.8 104.2 101.1 107.1
15 97.9 105.5 1114 112.6 100 105 103.6 104 100.7 107.4
20 97.3 107.3 112.5 112.2 99.8 105.1 102.9 103.9 100.6 107.5
25 109.7 122.8 118.1 112.2 929 110.1 101 99.9 104.5 103.2 103.6 101.2 109
Epi Cond 104 113 110 115 91 109 99 99 106 104 106 105 112
Whole Cond 102 112 111 114 92 109 100 100 105 104 105 103 110
Depth (m) 8/1/1995 9/12/1995 10/2/1995 11/9/1995 12/5/1995 1/3/1996 2/7/1996 3/6/1996 3/21/1996 4/10/1996 4/30/1996 5/8/1996 5/21/1996
1 110.2 113 157 106.2 104 102.7 100.1 99.5 98.3 99.8 87.1 99.8 99.7
5 109.2 112.3 152 108.4 104.8 103.6 100.5 99.6 98 99.6 87 99.8 99.8
10 103.8 108.6 150 109.9 105.8 104 100.9 99.1 98 99.6 86.7 99.6 99.9
15 103.3 105.1 143.2 110.6 106.3 104.3 101.9 100.3 97.5 99.6 86.3 99 99.2
20 102.3 104.8 145.6 113.1 106.6 104.5 101.3 99.4 97.6 99.4 85.9 98.9 98.5
25 106.8 115.2 165 116.2 105.9 104.5 101.2 99.3 97.5 99.5 86.6 99.6 99.1
Epi Cond 108 112 153 108 105 103 100 929 98 100 87 100 100
Whole Cond 106 110 151 110 105 104 101 100 98 100 87 99 99
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Lake Sammamish Conductivity
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Depth (m) 6/4/1996 6/18/1996 7/2/1996 7/24/1996 8/6/1996 8/21/1996 9/5/1996 9/17/1996 10/1/1996 11/6/1996 12/4/1996 1/22/1997 2/5/1997

1 101.2 103.2 104.3 107.7 108.4 106.3 105.7 104.7 107.9 91.7 103.2 86.9 85.4

5 101.1 102.8 102.7 107.2 108.1 106.9 105.7 104.6 107.9 91.7 103.3 86.8 85.8

10 99.8 100.4 100.6 103.7 103.6 102.1 100.9 102.4 107.8 91.6 103.3 86.9 86.2

15 99.5 99.8 99.4 101.9 102.3 100.7 99.2 100.5 103.3 92.5 103.3 87.3 86.2

20 98.9 99.8 99.5 101.8 102.9 101.6 98.8 101.6 105.9 95 103.3 84.7 86

25 99.1 99.1 99.7 102.2 104.2 105.5 108.7 107.8 113.9 104.3 103.2 83.2 86

Epi Cond 101 102 103 107 107 106 105 104 108 92 103 87 86
Whole Cond 100 101 101 104 105 104 103 103 107 93 103 86 86

Depth (m) 3/3/1997 4/2/1997 5/7/1997 6/2/1997 7/2/1997 8/6/1997 9/2/1997 10/8/1997 11/5/1997 12/3/1997 1/7/1998 2/3/1998 3/3/1998

1 92 93.6 90.2 97.2 88 98.5 97.9 94 96.9 92 90.9 93 96.3

5 92.1 93.6 90.1 97.3 90.1 98.4 97.9 94.9 96.9 91.9 90.9 93 96.4

10 92.2 93.7 89.8 95.6 89.9 93.1 92 95.2 97 91.5 90.8 92.7 96.3

15 92.2 93.7 90.1 95.6 90.2 92.9 91.8 93.5 97.1 91.5 90.8 92.7 96.4

20 92.1 93.8 90.3 96 90.4 92.2 92.4 95.8 97.5 91.4 90.6 92.7 96.4

25 92.1 94.5 90.6 96.5 90.9 96 100 101 106 91.4 90.6 92.6 96.4

Epi Cond 92 94 90 97 89 97 97 95 97 92 91 93 96
Whole Cond 92 94 90 96 90 95 95 95 98 92 91 93 96

Depth (m) 3/24/1998 4/6/1998 4/21/1998 5/5/1998 6/3/1998 7/6/1998 8/5/1998 9/8/1998 10/7/1998 11/2/1998 12/14/1998 1/5/1999 2/3/1999

1 103 97.1 102.7 105 103 104 109 108 111 109 98.3 100 96.6

5 103.3 96.7 101.7 104 102 104 110 109 111 109 98.1 102 96.5

10 103.1 96.3 101.1 102 101 100 104 104 109 108 98 102 96.6

15 102.9 96.3 100.7 101 98.9 98.5 103 103 105 105 97.6 103 96.5

20 102.9 96.3 100.2 101 98.2 97.8 102 107 108 109 97.7 103 96.5

25 103.2 96.3 100.1 100 97.7 98.1 106 115 123 129 97.6 103 96.6

Epi Cond 103 97 102 104 102 103 108 108 111 109 98 101 97
Whole Cond 103 97 101 102 101 101 106 107 110 110 98 102 97

Depth (m) 3/2/1999 3/23/1999 4/6/1999 4/19/1999 5/5/1999 5/24/1999 6/8/1999 7/7/1999 7/20/1999 8/3/1999 8/17/1999 9/8/1999 9/21/1999

1 95 89.7 87.3 97.7 103 90.7 111 111 105.3 108 117.8 121 116.1

5 95 89.7 87.2 96.7 103 89.9 111 111 104.4 108 117.6 121 115.9

10 95 89.8 87.2 96.2 103 89 109 108 101.5 103 113.1 116 112.3

15 95 89.9 87.2 96.1 103 88.4 108 107 99.7 101 110.3 114 109.2

20 95 90.1 87.2 96.2 102 87.8 107 106 98.7 100 109.6 114 111

25 95 90.2 87.4 96.5 102 87.3 107 106 99.7 103 116.2 124 120.6

Epi Cond 95 90 87 97 103 90 111 110 104 107 117 120 115
Whole Cond 95 90 87 97 103 89 109 109 102 104 114 118 114
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Depth (m) 10/5/1999 11/2/1999 12/7/1999 1/5/2000 2/8/2000 3/7/2000 3/21/2000 4/4/2000 5/2/2000 5/16/2000 6/13/2000 7/5/2000 7/18/2000
1 114 107 116 109.2 101.7 103.8 97.1 96.7 98.9 91.1 99.7 110.4 104.9
5 114 107 116 109.3 102.2 104.1 97.2 96.5 98.5 90.5 99.7 110.7 105.3
10 113 107 116 109.3 102.3 104.9 97.1 96.4 98.4 90.5 99.7 107.6 102.1
15 110 107 116 109.4 102.4 104.4 97 96.5 98.1 90.1 98.7 107.6 101.6
20 110 109 116 109.4 101.7 104.3 97.2 96.7 97.9 89.7 98.4 106.7 101.7
25 121 115 116 109.3 102.2 104.5 97.3 96.5 98 89.9 98.2 107.2 102
Epi Cond 114 107 116 109 102 104 97 97 99 91 100 110 105
Whole Cond 113 108 116 109 102 104 97 97 98 90 99 109 103
Depth (m) 8/8/2000 8/22/2000 9/6/2000 9/19/2000 10/3/2000 10/31/2000 12/4/2000 1/3/2001 1/31/2001 2/27/2001 3/20/2001 4/3/2001 4/17/2001
1 105.9 99.7 102.7 102 100.1 112.5 108.1 108 101 105 109.6 101 107.3
5 106.6 99.5 102.8 101.7 100.4 112.5 108.4 108 101 105 109.7 101 107.1
10 101.4 95 99 100 100.9 112.3 108.4 108 102 105 109.8 101 107.2
15 101.2 93.7 97.4 95.8 101.2 110.6 108.3 108 102 105 109.8 101 107.4
20 101.1 94.1 97.8 97.6 101.4 112.6 108.4 108 102 105 109.9 101 107.6
25 104 97.3 105.1 108.5 107.5 134.1 122.8 108 102 105 109.9 101 107.8
Epi Cond 105 99 102 101 100 112 108 108 101 105 110 101 107
Whole Cond 104 97 101 100 101 114 110 108 102 105 110 101 107
Depth (m) 5/2/2001 5/21/2001 5/30/2001 6/19/2001 7/2/2001 7/17/2001 8/7/2001 8/21/2001 9/5/2001 9/18/2001 10/2/2001 11/6/2001 12/3/2001
1 106 91.9 103 107.4 109 105.8 109 98 95.8 96.8 118 106 104
5 106 91.5 103 107.5 110 105.6 108 97.9 95.9 97.1 119 103 106
10 106 90.8 101 106.2 107 101 105 93 92.3 93.4 119 106 107
15 106 90.6 101 105.5 106 100.2 104 92.5 91.7 92.5 114 106 106
20 105 90.1 101 105.2 106 100 106 93.1 91.9 94 118 111 107
25 106 90.1 100 105.1 107 105.1 114 101.2 104 106.2 137 121 105
Epi Cond 106 91 103 107 109 105 108 97 95 96 119 104 106
Whole Cond 106 91 102 106 108 103 107 96 95 96 120 107 106
Depth (m) 1/9/2002 1/28/2002 3/5/2002 3/18/2002 4/2/2002 4/17/2002 5/7/2002 5/21/2002 6/4/2002 6/18/2002 7/1/2002 7/16/2002 8/7/2002
1 101 105 99 100.6 99.1 97.9 98.4 96 98.8 99.3 104 103.8 107
5 101 105 98.8 100.4 98.8 98.1 98.3 96.3 98.3 99.25 104 103.4 106
10 101 105 99.2 100.7 98.5 97.8 98.4 95.1 95.5 96.4 100 99.5 101
15 101 105 99.3 100.7 98.4 97.4 98.4 95 95.1 95.2 99.8 98.2 100
20 101 105 98.6 100.6 98.2 96.8 98 94.6 94.6 94.4 99 97.7 100
25 101 105 98.7 100.6 98.1 98.7 98.3 94.2 94.1 94.5 101 99.8 106
Epi Cond 101 105 99 101 99 98 98 96 98 99 103 103 105
Whole Cond 101 105 99 101 99 98 98 95 96 97 102 101 103
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Depth (m) 8/19/2002 9/4/2002 9/17/2002 10/7/2002 11/4/2002 12/3/2002 1/7/2003 2/5/2003 3/4/2003 3/19/2003 4/8/2003 4/21/2003 5/6/2003
1 107.6 108 107 108 106 108 102 105 109 99.1 101 102.3 105
5 107.4 108 105.3 108 106 108 102 105 108 99.2 101 102.5 105
10 100.7 102 100.9 105 106 108 102 105 108 99.3 101 102.4 105
15 100.5 100 100.2 103 102 108 102 106 110 99.4 101 102.6 105
20 100.6 101 101.2 104 106 109 102 106 109 99.8 101 102.9 105
25 107.5 113 111.8 119 128 121 102 106 110 100.2 101 102.9 105
Epi Cond 106 107 105 107 106 108 102 105 108 99 101 102 105
Whole Cond 104 105 104 107 107 109 102 105 109 99 101 103 105
Depth (m) 5/20/2003 6/4/2003 6/17/2003 7/8/2003 7/22/2003 8/5/2003 8/19/2003 9/3/2003 9/16/2003 10/6/2003 10/21/2003 11/4/2003 12/1/2003
1 103.35 106 109.2 104 110.65 112 1115 108 110.1 108 106.4 107 106
5 103.5 105 109.6 104 110.1 112 111.2 107 110 108 106.3 107 106
10 103.3 104 106.3 100 104.6 105 104.7 101 104.7 106 106.2 107 106
15 102.3 103 105 99.1 104 105 104.3 101 105 103 106.6 107 106
20 102.5 103 104.9 98.9 103.2 105 104.5 102 105.4 104 105.3 112 106
25 102.5 103 104.9 98.8 105 107 109.6 109 116.1 123 114.6 125 106
Epi Cond 103 105 109 103 109 110 110 106 109 108 106 107 106
Whole Cond 103 104 107 101 107 108 108 104 108 108 107 109 106
Depth (m) 1/8/2004 2/3/2004 3/2/2004 3/15/2004 4/5/2004 4/19/2004 5/3/2004 5/17/2004 6/7/2004 6/21/2004 7/7/2004 7/20/2004 8/2/2004
1 105 103 103 102 105 103.9 109 105.8 107 110 108 113 113
5 105 103 103 102.1 105 104.3 108 105.9 106 109 108 112 114
10 105 103 103 102 104 102.1 106 103.1 104 107 104 108 107
15 105 104 103 102.2 104 102.3 106 102.7 103 105 103 106 106
20 105 104 103 102.1 104 102.3 106 102.6 103 105 102 106 106
25 105 104 103 102.3 105 102.8 106 102.3 102 105 102 107 108
Epi Cond 105 103 103 102 105 104 108 105 106 109 107 111 112
Whole Cond 105 103 103 102 104 103 107 104 104 107 105 109 109
Depth (m) 8/17/2004 9/8/2004 9/21/2004 10/5/2004 10/20/2004 11/3/2004 12/15/2004 1/4/2005 2/8/2005 3/8/2005 3/22/2005 4/5/2005 4/19/2005
1 112 112 109 110 109 108 108 106 104 108 107 104 107
5 112 111 109 110 109 109 108 106 104 108 107 104 107
10 106 107 109 110 109 109 108 106 104 107 107 104 107
15 105 106 106 106 106 108 107 106 104 107 107 104 107
20 105 105 105 109 106 111 107 106 105 108 107 104 107
25 109 114 112 113 123 121 107 106 105 108 106 104 107
Epi Cond 111 110 109 110 109 109 108 106 104 108 107 104 107
Whole Cond 108 109 108 109 109 110 108 106 104 108 107 104 107
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Depth (m) 5/3/2005 5/17/2005 6/7/2005 6/21/2005 7/7/2005 7/18/2005 8/2/2005 8/16/2005 9/7/2005 9/20/2005 10/4/2005  10/18/2005 11/8/2005

1 110 108 107 110 110 108 108 112 114 108 113 112 111

5 109 108 107 109 110 108 108 111 114 108 113 113 111

10 108 106 106 108 107 106 104 106 108 103 113 112 111

15 108 106 105 107 107 105 104 106 108 104 109 110 112

20 108 107 105 107 107 105 103 106 108 106 111 114 113

25 109 107 106 108 108 107 105 110 117 117 120 121 117

Epi Cond 109 108 107 109 109 108 107 110 113 107 113 113 111
Whole Cond 109 107 106 108 108 107 106 109 111 107 113 113 112

Depth (m) 12/6/2005 1/4/2006 2/7/2006 3/7/2006  3/21/2006 4/4/2006  4/18/2006 5/3/2006  5/16/2006 6/6/2006  6/19/2006 7/5/2006  7/18/2006

1 113 109.5 103 100 104 105 105 106 106 111 107 109 111

5 113 109 104 100 104 105 105 106 105 110 107 108 111

10 113 108 103 99.6 104 105 105 104 104 110 106 104 106

15 114 109 104 100 104 105 105 104 103 108 105 104 105

20 113 109 104 99.6 104 105 105 104 103 108 105 103 104

25 114 109 104 99.7 104 105 104 104 103 108 104 104 105

Epi Cond 113 109 104 100 104 105 105 106 105 110 107 107 110
Whole Cond 113 109 104 100 104 105 105 105 104 109 106 106 107

Depth (m) 8/8/2006 8/24/2006 9/5/2006 9/19/2006 10/3/2006  10/17/2006 11/8/2006 12/5/2006 1/4/2007 2/12/2007 3/13/2007 3/27/2007 4/11/2007

1 112 113 114.6666667 111 109 109 108 104 102 101 101 101 100

5 113 113 114 111 109 110 108 104 102 101 101 102 100

10 105 106 108 106 105 109 106 103 102 101 101 101 99.7

15 105 105 107 106 104 106 102 104 102 101 102 102 99.6

20 104 104 108 105 104 106 108 104 102 101 102 102 100

25 107 110 113 114 114 122 121 104 102 102 102 102 101

Epi Cond 111 111 113 110 108 110 108 104 102 101 101 102 100
Whole Cond 108 109 111 109 107 110 108 104 102 101 101 102 100

Depth (m) 4/24/2007 5/15/2007 5/29/2007 6/12/2007 6/26/2007 7/10/2007 7/24/2007 8/14/2007 8/28/2007 9/11/2007 9/25/2007 10/3/2007  10/23/2007

1 102 103 104 106 105 108 105 107 108 110 110 108 108

5 101 103 104 105 106 108 105 107 109 109 110 108 108

10 100 101 102 103 103 103 101 102 104 104 108 106 108

15 100 100 102 101 102 102 100 101 102 103 106 104 107

20 100 101 101 102 102 103 100 101 103 103 107 105 108

25 101 101 102 102 103 103 102 105 109 112 118 107 115

Epi Cond 101 103 104 105 105 107 104 106 108 108 110 108 108
Whole Cond 101 102 103 103 104 105 102 104 106 107 109 106 108
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Lake Sammamish Conductivity
10 of 11

Depth (m)| 11/14/2007 12/11/2007 1/15/2008 2/12/2008 3/12/2008 3/25/2008 4/15/2008 4/29/2008 5/13/2008 5/27/2008 6/9/2008 6/24/2008 7/15/2008

1 107 105 103 102 97.6 103 102 104 104 105 106 107 110

5 107 104 103 103 98.3 103 102 104 104 105 106 107 108

10 109 105 103 102 98.1 102 102 103 103 103 103 105 104

15 108 104 103 103 98.2 102 102 104 103 103 104 105 104

20 109 104 103 103 98 102 102 103 102 103 104 105 104

25 117 104 103 102 97.6 103 101 103 103 102 104 105 104

Epi Cond 107 104 103 103 98 103 102 104 104 105 105 107 108
Whole Cond 109 104 103 103 98 102 102 104 103 104 105 106 106

Depth (m) 7/29/2008  8/12/2008  8/26/2008 9/9/2008  9/23/2008 10/14/2008 10/28/2008 11/13/2008 12/9/2008 1/13/2009  2/10/2009  3/10/2009  3/24/2009

1 109 108 110 109 108 108 108 107 102 105 103 101 102

5 109 108 109 109 109 108 108 107 102 106 103 101 102

10 104 103 104 104 104 107 108 107 103 105 103 101 102

15 104 103 104 105 104 106 106 107 103 103 104 101 102

20 103 102 105 104 104 106 108 108 103 98.5 104 101 102

25 105 104 107 109 112 112 115 113 116 92.9 103 101 103

Epi Cond 108 107 108 108 108 108 108 107 102 106 103 101 102
Whole Cond 106 105 107 107 107 108 108 108 104 103 103 101 102

Depth (m) 4/14/2009 4/28/2009 5/12/2009 5/27/2009 6/9/2009 6/23/2009 7/14/2009 7/28/2009 8/13/2009 8/25/2009 9/15/2009 9/29/2009  10/13/2009

1 100 103 103 104 108 107 108.5 111.5 112 112.5 110 113 111

5 99.9 103 103 104 108 108 109 111 112 112 111 112 111

10 100 101 102 103 103 104 104 104 105 105 106 109 111

15 100 101 102 102 103 103 102 104 104 104 103 106 106

20 100 101 102 102 103 103 102 104 104 105 104 107 112

25 99.5 101 102 102 103 104 103 104 107 109 114 118 119.5

Epi Cond 100 103 103 104 107 107 108 110 110 111 110 112 111
Whole Cond 100 102 102 103 105 105 105 107 108 108 108 110 111

Depth (m)| 10/27/2009 11/10/2009 12/22/2009 1/12/2010 2/9/2010 3/9/2010 3/23/2010  4/14/2010  4/27/2010 5/11/2010 5/26/2010 6/14/2010 6/30/2010

1 116 113 109 107 105 106.5 104 103 104 103 104 103 105

5 116 113 109 108 105 107 103 103 104 103 104 103 104.5

10 117 113 110 108 105 106.5 104 102 104 103 103 102 103

15 115 113 110 109 105 106 103 102 103 103 103 103 104

20 115 114 110 109 105 106 104 102 104 102 102 102 105

25 124 120 110 109 105 107 103 102 103 102 101 102 105

Epi Cond 116 113 109 108 105 107 103 103 104 103 104 103 104
Whole Cond 117 114 110 108 105 107 103 102 104 103 103 103 104
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Lake Sammamish Conductivity

110f11
Depth (m)]  7/14/2010  7/28/2010  8/11/2010  8/25/2010  9/15/2010  9/29/2010 10/13/2010 10/27/2010  11/9/2010 12/14/2010  1/11/2011  2/15/2011  3/15/2011
1 106 109 109 110 110 110 108 107 106 105 103 99.8 99.35
5 105 108 109 109 110 110 107 107 106 104 103 100 98.8
10 103 104 105 103 107 109 107 107 106 105 103 99.7 99.15
15 103 105 107 105 106 108 106 107 106 104 103 100 98.95
20 104 106 107 106 108 109 109 109 108 104 103 100 98.5
25 105 108 110 111 116 120 122 121 115 104 103 100 98.8
Epi Cond 105 107 108 108 109 110 107 107 106 104 103 100 99
Whole Cond 104 107 108 107 109 110 109 109 107 104 103 100 99
Depth (m)|  3/29/2011  4/12/2011  4/26/2011  5/10/2011  5/24/2011  6/14/2011  6/29/2011  7/12/2011  8/10/2011  8/24/2011  9/14/2011  9/28/2011 10/13/2011
1 100.5 96.4 97.9 98.5 104 102 103.5 104 105 106 99.55 105 105
5 101 97.1 98.1 98 103 102 103 104 105 106 100 105 105
10 100 97 98 98.1 103 101 101 101 101 101 95.6 105 105
15 100 97.2 97.7 97.6 103 100 100 100 99.6 100 93.9 101 101
20 101 97.4 97.9 97.6 103.5 100 100 99.5 99.4 101 94.6 100 103
25 100 96.7 97.85 97.3 104 101 101 100 101 104 99.4 108 109
Epi Cond 101 97 98 98 103 102 103 103 104 105 99 105 105
Whole Cond 100 97 98 98 103 101 102 102 102 103 97 104 104
Depth (m)| 10/25/2011 11/15/2011 12/13/2011
1 103 104 103
5 103 104 103
10 103 104 103
15 101 104 103
20 102 104 103
25 114 114 103
Epi Cond 103 104 103
Whole Cond 104 105 103
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Lake Sammamish Chlorophyll-a

1980 1981 1982 1983 1984 1985 1986 1987
Jan 3.99 1.53 2.44 1.22 2.44 4.11 1.22
Feb 2.38 3.65 1.98 3.35 11.72 1.68
Mar 5.93 2.85 5.18 4.11 27.55 20.59 4.69
Apr 6.95 2.53 3.80 2.13 10.20 8.37 2.84 9.21
May 0.34 3.35 3.35 2.58 2.05 2.27 1.50
Jun 3.99 3.05 1.45 3.62 2.28 2.34 3.65 1.34
Jul 3.50 4.57 0.46 4.72 3.68 2.26 2.18
Aug 2.59 2.53 4.38 3.80 1.21 1.54 1.00
Sep 8.80 4.11 5.79 6.67 1.52 1.52 1.67
Oct 10.50 5.48 3.65 4.01 2.21 2.29 2.29
Nov 3.27 1.82 3.04 1.07 2.13 213 2.01
Dec 0.60 1.52 0.60 1.22 1.50 0.60 0.67

1988 1989 1990 1991 1992 1993 1994 1995
Jan 1.33 0.33 0.71 0.01 1.37 0.01 1.54
Feb 3.01 1.22 0.73 1.00 1.33 4.22 2.85 1.94
Mar 7.20 5.02 1.54 3.43 4.01 13.00 17.40 4.28
Apr 6.36 7.24 2.83 8.99 2.34 2.36 16.33 20.52
May 1.80 1.33 1.68 1.85 2.68 8.78 2.22 0.00
Jun 1.68 1.33 2.23 0.80 4.04 10.03 3.76 6.84
Jul 1.22 1.35 0.01 0.42 1.34 4.79 1.27 4.41
Aug 1.29 2.68 1.00 1.25 1.68 2.05 243 3.65
Sep 1.17 4.47 3.35 3.35 1.76 0.46 2.28 2.05
Oct 1.00 4.31 2.35 2.07 3.35 1.82 2.85 1.71
Nov 0.51 4.35 1.49 1.72 3.68 0.01 3.36 1.25
Dec 1.00 0.68 1.00 3.08 0.01 1.16 0.56

1996 1997 1998 1999 2000 2001 2002 2003
Jan 0.98 0.81 5.20 1.10 2.00 151 2.03 1.50
Feb 1.09 0.96 5.30 1.10 6.80 8.30 2.46
Mar 8.38 2.15 13.55 9.60 2.00 14.80 17.10 3.29
Apr 8.84 5.10 4.65 13.60 5.30 14.80 16.00 2.86
May 4.33 2.00 1.90 4.25 3.50 5.24 4.29 3.00
Jun 2.50 3.20 4.15 2.80 2.90 2.51 2.62 4.89
Jul 2.00 13.70 0.66 1.45 3.40 2.27 4.94 1.75
Aug 2.35 2.15 2.25 5.30 5.10 1.72 2.30 3.03
Sep 6.30 4.05 1.50 3.00 4.20 1.94 2.65 2.65
Oct 3.60 2.79 2.60 4.20 2.75 2.48 3.07 291
Nov 2.40 7.30 2.70 2.20 2.30 5.47 3.60
Dec 0.33 1.70 0.62 1.20 1.10 0.77 2.40 0.88

2004 2005 2006 2007 2008 2009 2010 2011
Jan 1.32 151 1.68 1.01 1.38 1.98 8.73 1.87
Feb 2.96 2.54 1.79 3.63 4.05 1.23 9.01 4.25
Mar 5.62 7.41 13.35 8.63 6.13 10.47 5.23 19.11
Apr 5.33 8.08 16.60 5.90 4.58 14.06 4.06 8.70
May 3.40 10.55 3.58 4.67 4.69 2.60 2.79 2.64
Jun 3.73 3.62 3.02 3.37 3.97 2.92 2.38 2.45
Jul 2.09 3.94 1.50 1.63 291 5.74 2.00 1.66
Aug 2.37 2.88 5.36 2.45 1.76 2.01 2.65 2.62
Sep 4.76 2.04 5.32 2.87 231 2.20 1.73 2.27
Oct 4.02 3.32 5.18 3.72 3.05 2.89 1.39 3.65
Nov 4.13 2.84 5.81 6.04 1.08 1.68 1.84 3.23
Dec 1.64 1.65 1.00 1.76 0.72 3.87 1.75 1.89
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Lake Sammamish Secchi Depth

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
Jan 2.50 3.60 3.50 4.25 2.50 3.20 5.00 4.00 3.20 3.70 5.10 5.00 4.70 5.00
Feb 2.70 3.95 2.80 3.50 2.50 3.50 2.00 5.00 1.90 2.50 1.90 6.00 4.10 6.00
Mar 4.00 3.00 4.30 2.70 3.35 3.10 3.55 4.10 4.70 1.95 3.55 3.40 3.25 3.40 3.80
Apr 3.50 3.83 3.90 4.20 3.75 3.75 7.20 3.10 3.80 2.90 5.10 3.65 4.90 3.65 3.45 3.20
May 3.70 3.50 4.85 7.05 4.10 5.15 5.00 4.75 7.35 5.85 8.75 6.05 8.00 2.00 8.25 5.25
Jun 7.00 4.75 4.80 3.10 6.10 5.60 4.80 6.10 5.20 3.70 5.30 4.70 4.00 1.60 5.50 5.00
Jul 9.20 3.00 4.50 6.45 4.65 4.70 5.30 4.90 3.05 5.25 4.20 3.90 5.30 3.90 2.00 5.30 3.00
Aug 5.00 5.85 4.65 4.05 6.35 6.10 4.05 7.25 3.20 4.60 5.40 3.90 3.50 5.40 3.50
Sep 6.50 3.50 4.70 4.35 2.50 5.90 6.45 5.30 6.90 2.50 4.40 6.20 6.30 6.50 4.80 5.00
Oct 4.10 4.60 4.35 3.00 5.35 7.05 4.80 6.15 3.00 6.00 5.00 5.40 4.80 4.50 8.00
Nov 6.00 4.50 3.15 3.60 2.80 4.10 5.10 4.85 3.30 1.90 6.20 4.70 4.40 9.80 4.00 6.50
Dec 2.70 3.20 3.10 3.40 4.85 1.95 2.40 3.90 3.10 3.80 4.00 3.60 3.50 2.00
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Jan 4.00 2.00 4.00 3.10 4.50 4.50 4.90 6.00 5.10 4.20 3.90 3.20 3.90 1.60 4.10 3.00
Feb 3.50 3.00 4.20 4.70 4.50 4.80 4.00 3.50 5.10 3.50 4.10 4.10 1.90 4.70 4.00
Mar 2.25 2.35 3.75 3.40 6.75 4.00 3.05 4.75 4.50 5.10 3.50 4.25 5.30 3.25 5.50 2.25
Apr 3.50 4.00 4.25 4.40 5.15 3.85 3.10 4.40 5.25 4.65 4.55 4.75 5.00 3.20 4.80 3.75
May 5.00 3.25 10.35 6.50 5.80 6.83 3.75 9.10 6.45 7.85 8.00 10.00 7.10 4.00 7.40 5.10
Jun 3.75 4.25 6.00 3.75 4.00 4.80 7.00 5.85 3.20 5.15 5.30 4.65 6.25 5.05 4.50
Jul 5.50 4.10 4.65 4.35 5.10 6.00 5.00 5.50 4.45 4.80 4.90 4.40 3.80 5.45 3.35 6.50
Aug 5.50 4.00 6.00 3.10 5.50 6.75 4.00 5.05 5.70 6.15 3.10 5.60 6.95 4.80 5.40 5.05
Sep 3.00 4.85 7.50 4.50 3.10 8.25 5.60 5.15 4.90 7.45 4.30 5.10 8.00 6.25 6.40 4.85
Oct 5.00 4.50 5.00 4.00 6.75 9.00 7.00 4.75 4.90 6.45 5.15 3.95 7.40 5.20 6.60 5.10
Nov 4.00 3.80 5.50 5.60 5.90 6.00 7.00 6.00 4.50 2.80 3.50 5.00 3.00 4.90 3.30
Dec 2.50 4.20 3.50 2.50 4.50 3.00 7.40 4.20 3.40 3.60 4.50 3.00 5.10 3.70 1.00 3.10

Note:

Data for years prior to 1979 obtained from Perkins, 1995.

1964
1965
1970
1971
1972
1973

2.9
3.4

4
3.8
3.5
3.2

Secchi (m) June-Sept

Sources for Secchi depth 1964, 1965 from Issac et al. 1996

1970, 1971 from Emery, R. 1972. Univ of Wash PhD.
1972, 1973 from Rock, C. 1974. Univ of Wash PhD.
1979- 1994 Metro monitoring database.
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Lake Sammamish Water Quality Response to Land Use Change

Appendix C:
Stream Water Quality Time Series
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